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17058. A Comparative Study of the Local Toxic Action of Mercurial 
Diuretics. 


Robert A. Lehman, Harry Taube, and E. E. King. 

From Department of Therapeutics, New Tori: Vniversity College of 3Icdicinc, New Tori City. 


The mercurial diuretics have today a se- 
cure place in the management of the edetna- 
tous patient because of their effectiveness and 
dependability. However they give rise, on 
occasion, to various side effects of which ir- 
ritation at the site of injection and an acute 
toxic action on the heart are the most sig- 
nificant. This latter action may sometimes 
be fataF"" and in an attempt to eliminate it 
a new tj^pe of mercurial has recently been 
made available under the name Thiomerin,* 


1 DcGraff, A. C., ami Xadlcr, .1. E., A m. ifed. 
Assn., 1042, 11!), 1000. 

^Bcn-Aslipr, Solomon, .(iiii. Ini. Med., 1946, 
IW, 711. 

3 Volini, It.alo, Levitt, K. O., .and M.artin, Rich- 
.ard, .T. Am. Med. Assn., 194.1, 128, I'l. 

• Tliiomcrin ii.as .also been identified .as MT6. 


This drug is identical with Mercuzanthin 
(Mercurophylline, USP XIII) except that it 
contains sodium mercapto acetate in chemical 
combination with the mercury instead of theo- 
phylline. In animal experiments it failed to 
produce the typical ventricular tachycardia 
and fibrillation which occurs after the other 
diuretics.'* Thiomerin also appears to be less 
toxic to tissue and has been proposed for 
clinical use by subcutaneous injection. It 
therefore seemed desirable to make a detailed 
comparison of the mercurial diuretics with 
respect to the reaction which they produce at 
the site of injection. Thiomerin, Mercuzan- 
thin, and i^Iercuhj-drin were used in this studv. 

Subailancotis Injection in lilicc. It h^ 

•tLe!im,an, R. A., Pkoc. .Soc. Exp. Biol, .vnd 
M r.D., 1947, 04, 42S. 
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previously been shown in rabbits, that addition 
of theophylline to a parent mercurial . such 
as SalyTgan or lilercuzan, protects the skin 
from the severe necrosis following intradermal 
injection.^ However, this technic was not 
found to give a sufficiently sensitive or con- 
sistent response for the study of mercurials of 
a less irritant character. The albino mouse was 
selected as a more suitable animal since, un- 
like the rabbit, the skin over the abdomen is 
thin enough so that necrosis cannot escape 
detection, and large enough groups of animals 
can be used to evaluate the effect of individual 
Variation. • • 

' Three groups of S mice in the weight range 
of 20 to 30 g were selected at random and 
the hair carefully clipped over the abdomen. 
The first group received Thiomerin, the sec- 
ond Mercuzanthin and the third Mercuhydrin 
all by subcutaneous injection in a dose of 0.03 
cc of undiluted solution as supplied for clim'- 
cal use (40 mg of mercury per cc). A one 
quarter cc tuberculin syringe with a 27 gauge 
hypodermic needle was used with the bevel up. 
All the animals were injected on the same 
day. Approximately 24 hours after the in- 
jection the mice were examined for evidences 
of toxicity. They were then anesthetized 
with a barbiturate and photographed in color. 
These photographs appear as Fig. 1. 

It will be observed that in the case of 
Mercuzanthin the destruction of tissue has 
progressed in all animals to the point of skin 
breakdown over a substantial area of the 
abdomen. The very dark discoloration ac- 
companying some of the lesions suggests the 
presence of extravasated blood. In every case 
there is a white ring surrounding the area of 
necrosis which is presumably due to inflam- 
matory exudate. 

The response to Mercuhydrin is of similar 
character but somewhat less severe, more 
superficial, and involves a smaller area of 
skin. Nevertheless perforation of the skin will 
be observed in the first animal on the left in 
Fig. 1. Extravasation of blood appears not to 
•have occurred in this grou p. 

5 DcGraff, A. C., B.itterni.nn, R. C., .'ind Lolmian, 

B. A., Proc. Soc. Exp. Bioi<. JfER-j IPSS, 38, 
373. 


■ None of the animals injected with Thiomer- 
in shows patholog}' -which can be detected on 
gross examination. 

Intramuscular Injection in Rats. Because 
of these marked differences in local toxicity, 
studies were undertaken to compare the histo- 
pathology occurring after injection of Tbiom- 
erin, Mercuzanthin and hlercuhydrin. For 
this purpose the tibialis anterior muscle of 
the rat -was selected as a more homogeneous 
tissue than the skin for the precise adminis- 
tration of a measured volume of drug. Each 
rat %vas etherized very lightly, the hair shaved 
from the leg and 0.03 cc of undiluted drug 
was injected into the belly of the muscle using 
a one-quarter cc syringe and 27 gauge needle. 
Twenty of the rats received saline control 
injections into the corresponding muscle of 
the opposite leg. The rats were killed by a 
blow on the head after a period of 4, 24, or 
96 hours. The skin was stripped away and 
the injected muscle gently freed from ad- 
herent muscle bundles and dissected free. 
Muscles were fixed in Bouin’s solution, em- 
bedded in paraffin and cut at 10 n- Each 
muscle was sectioned serially at intervals of 
500 /i. The sections were examined by the 
pathologist without foreknowledge of the 
treatments given and the pathologj- was scored 
as “none”, “slight”, “moderate”, “marked”, 
or ‘‘very marked” in the following categories: 
“disruption of muscle integrity”, “cellular in- 
filtration”, and “edema”. ITie results are 
given in the Table. 

Disruption oj Muscle Integrity. It appears 
from the Table that after 4 or 24 hours the 
3 drugs show definite disruption of tissue in 
distinction to the saline control. .After 96 
hours the disruption is less than at 4 or 24 
hours in die case of hlercuzanthin and Mer- 
cuhydrin while Thiomerin injected muscles 
now show no disruption and cannot be dis- 
tinguished from the controls. 

Cellular Infiltration. After 4 hours all of 
the drugs as well as saline have produced a 
slight cellular response as indicated in the 
Table. Twentj'-four hours after injection the 
response to saline has not increased while that 
to the three mercurials has increased a great 
deal. .After 96 hours the infiltration has 
disappeared in the case of Thiomerin .and 
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Pig. 1 

Photographs of mice 24 hours after the subcutaneous injection of 0.03 cc. of a mercurial 
diuretic at a concentration of approxiinately 40 mgm of mercury per cc. All of the mice 
in a roiv received the same treatment. Top Sowi Jlercuzanthiu (Mercurophylline USP 
XIII); Middle Sow: Mercuhydrin (Meralluride) ; Bottom Boxo: Thiomerin. 
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Scores for Examination of Muscle Sections After Injection of Mercurial DiuretieaA 
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0 none; + slight; ++ moderate; +++ marked; + + + + very marked. 
DI, disruption of muscle integrity; Cl, cellular infiltration; ED, edema. 


saline but is still present in the case of INIer- 
cuzanthin and IMercuhydrin. 

Edema. Four hours after injection edema 
is present in every instance although saline 
shows less than the 3 drugs. The edema 
persists for at least 24 hours. After 96 hours 
it has disappeared from the saline and Thio- 
merin injected muscles but is still present in 
the others. It should be pointed out in this 
connection that absorption of these drugs 
is substantially complete one hour after in- 
jection .* 

The character of the response is illustrated 
in Fig. 2, 3, and 4. Fig. 2 is typical of the 
response 24 hours after injection of any one 
of the 3 mercurials and is characterized by the 
infiltration of polymorphs, lymphocytes and 
the appearance of edema fluid. The response 
to saline was similar but quantitatively less 
e.xtensive. Fig. 3 illustrates the appearance 


of muscle 96 hours after injection of hler- 
cuzanthin or Mercuhydrin and shows not 
only the persistence of the inflammatory 
e.vudate suggesting continued irritation but 
also the development of a reparative response 
as manifested by newly-formed connective 
tissue. Fig. 4 shows essentially normal muscle 
which was consistently observ'ed 96 hours 
after injection of Thiomerin or saline. 

Discussion. It has long been taken for 
granted that mercuiy compounds in which 
at least one valence bond bears an ionizable 
group are highly irritant to tissues. Thus 

Salyrgan with the configuration RHg—OH 
is severely and rapidly necrotizing.® The in- 
troduction of Mercuzanthin provided a com- 
pound of structure RHg— X< in which the 
irritant action of the mercuiy has been con- 
siderably reduced by combination with theo- 
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Spction of rat iimsolc illustrating the 
iiij. Left — XlOO; right— X-toO. 


Fig. 3. 

res])(inse to Jrercuzaiithia or JIcnuh.vdriii P(i hr afii.j- 



Local Toxic Actiox of lyiERCURiAL Diuretics 


S 



Fig. 4. 

.Section of r.it muscle 9G hr after inj. of Tliiomerin or saline showing 
essentially normal tissue. 


phylline. Nitrogen compounds of similar 
structure (such as succinimide) can be sub- 
stituted for theophylline with comparable ef- 
fect.®’" Salyrgan-theophylline and Mercu- 
hydrin are theophylline-bearing drugs of this 
class. In Thiomerin the second valence bond 
of the mercurjf has been bound as a mercap- 
tide to give a substance of the, formula RHg- 
S- and this modification has been shown above 
to result in a drug of still less toxicity. In a 
previous report it was indicated that the ad- 
dition of a sulfhydryl compound to a conven- 
tional diuretic rvill cause precipitation of the 
theophylline indicating that the Hg-S bond 
is chemical]}' more stable than the Hg-N.^ 
Hence the results here reported would be con- 
sistent %vith the conclusion that local irritant 
action in the mercurial diuretic series is pro- 
portional to the reactivity of the mercurj' 
which they contain. A logical extension of 
this series would be the compound RHg — C 
<- which might be expected to show even less 
local irritant action than Thiomerin. How- 
ever, such a mercurial would also be e.xpected 
not to have therapeutic activity. 

It is beyond the scope of this report to dis- 
cuss the effect of the Hg-S bond on diuretic 

0 Lelmmii, E. A., nmi D.itor, Arnold, J. Phnrm. 
Kxp. Thcrap., 19.38, 0,1, 443. 

~ Hunt, W. H., Wnitcr, L. A., .nnd Fosbindcr, 
E. J., .7. .-Ini. Phnrm. As.tn., Sci. cd., 1942, 31, 275. 


activity. Clinical studies®'*'’ seem to indicate 
that Thiomerin is at least as effective as the 
other mercurials in this respect. 

It may be mentioned in passing that the 
sensitivity of mice to the subcutaneous injec- 
tion of mercurials was found to be greater in 
the summer than in the winter months. All of 
the injections for the experiment which is il- 
lustrated in Fig. 1 were accordingly given 
on the same day (September) so that the com- 
parison would be valid. In this connection 
the w'ork of DiPalma and coworkers** on sea- 
sonal variations in the sensitivity of the skin 
to the production of reactive hyperemia is of 
interest. 

Summary and Conclusions. Three mercurial 
diuretics, Thiomerin, Mercuzanthin and Mer- 
cuhydrin have been compared with respect to 
the tissue reaction which they produce. Thiom- 
erin was tolerated by mice on subcutaneous in- 
jection without e.xhibiting gross patholog}' 
while Alercuzanthin and hlercuhydrin gave 

s Herniiaiin, George E., Cliriss, .Tohn W., Hcj- 
maneik, Milton E., and Sims, Pan) M., Texas Stale 
J. .VeU.. 1949, 45, 79. 

!• Grossman, .T., Weston, fi. E., Edelman, I. .S., 
and Leiter, L., in press. 

K'Battorman, Eobert C... Fntcrman, D.avid, and 
DeGraff, Arthur C., .7. Am. Med. .I.wa., in press. 

Ji DiPalma, ,7. E., Reynolds, .S. M. E., and Fos- 
ter. F. I., Am. Heart J.. 1942, 23, 377. 
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rise to necrosis of the skin under the same con- 
ditions. After intramuscular injection in rats 
all three drugs gave an early inflammatory re- 
sponse characterized by the appearance of a 
polymorphonuclear exudate. In the case of 
Thiomerin this exudate was entirely resorbed 
Avithout evidence of residual damage. After 
injection of Mercuzanthin, or Mercuhydrin, 
however, the irreversible nature of the re- 


sponse was indicated by marked fibroblastic 
proliferation. 

These results would seem to furnish an 
adequate e.xperimental basis for the clinical 
use of Thiomerin by subcutaneous injection. 

The .aiitliors Irish to tli.-mlv the Hisses Tlorcnec 
Katine and Josephine Brosscau for able teclmic.a! 
assistance. 

Received March 2, 1949. P.S.E.B.M., 1949, 71. 


17059. Observations of Nitrite-Induced Postural Syncope in Patients with 
Mental Disease. 


M. D. Aetschule and hi. Lorenz. 

From the LaVoratorij of GUnicaX Physiology, itcLean Hospital, TTavcrlcy, Mass., ami the 
Department of Medicine, Harvard Medical Sehool, Poston, Mass. 


Earlier work^ discussed the vasomotor sys- 
tem in schizophrenia: it was cbncluded that 
no structural vascular defect exists and that 
schizophrenic patients often e.xhibit acral 
vasoconstriction. Investigation of the reac- 
tivity of postural vasoconstrictor mechanisms 
has also been made. Nitrite dilates vessels 
by rela.xing smooth muscle, but does not pre- 
vent the action of nervous impulses on this 
muscle; accordingly, the degree to which the 
vasoconstriction oi'ercomes the effect of ni- 
trite affords data on the reactivity of pxistural 
vasoconstrictor mechanisms. 

Material and methods. Twenty-four pa- 
tients were studied. Their diagnoses varied 
(Table I). Four (Table II), all schizophren- 
ics were studied only after lobotomy. Twenty- 
four normal subjects were also observed. After 
reassurance the subjects came to the labora- 
tory fasting or 3 or 4 hours after a last meal. 
Patients were not permitted to smoke before 
or during e.\'periments. Each subject was 
given 3 grains of sodium nitrite by mouth and 
allowed to rest for 30 minutes. He then lay on 
a board which had no protuberances except 
for a bicycle seat at right angles to it; this the 
patient straddled. .4.fter control observ-ations 
were made, the board was lilted 60 degrees 
leaving the patient head-up with legs hang- 

1 AltPcliiTleTMTl)., nnJ Sut/.b.ich, IV. M., Arch. 
Xeurol. and Psychiat., 3949, fil, 44. 


ing. Systolic blood pressure was measured 
every few minutes by palpation. Auscultatorj’ 
measurements were not made since they may 
be markedly in error wdth changing vasomo- 
tor tone; an arterial cannula was considered 
undesirable for measuring arterial pressure in 
this study. If syncope did not occur within 
forty minutes after tilting the patient, the ob- 
servations were ended and were repeated no 
sooner than 2 da 3 's later, using 7 grains of 
sodium nitrite. 

Observations. Subjects were classified as 
follows: 

Group I. S 3 mcope during tilting after 3 
grains of sodium nitrite, i.c., no increase in 
vasomotor reactivity (Fig. 1). 

Group II. S 3 ’ncope during tilting after 7 
grains but not after 3 grains of sodium nitrite, 
i.e., possible increase in vasomotor reactivity 
(Fig. 2). 

Group III. Fal! in blood pressure during 
tilting but no S 3 mcope after 7 grains of sodium 
nitrite, i.c., definite increase in vasomotor re- 
actmt 3 ' (Fig. 3). 

Group IV. Rise in blood pressure during 
tilting after 7 grains of sodium nitrite, i.e., 
marked increase in vasomotor reactivit 3 ' (Fig. 

4 )- 

Twent 3 ^-two normal subjects were in Group 
I and 2 in Group If. Seven of the 1 1 non- 
lobotomized schizophrenic patients e.vhibited 
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TABLE I. 

Vasomotor Eesponso to Tilting After Administration of Xitritc. 


Diagnosis 



No. of cases 



Groups I 

II 

III 

n- 

Total 

Normal 

oo 

2 





24 

Schizophrenia 

3 

1 

5 

o 

11 

Organic disease — post asphyxial 

— 

— 

1 

— 

1 

Involutional psychosis, paranoi.a 

1 

— 

— 

— 

1 

Manic-depressive, manic 

— 

1 

— 

— 

1 

Anxietv neurosis 

— 

— 

1 

— 

1 

PsTchoncurosis, reactive depression 

1 

— 

1 

— 

.> 

Chronic alcoholism 

— 

2 

1 

— 

3 

Total, non-schizoplirenie 

o 

3 

4 

0 
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TABLE II. 


Vasomotor Eesponsc to Tilting After Administra- 
tion of Nitrite in Lobotomized Patients, 


Case 

Grouji 

/ ' ' ’ A 

Before .After 

Diagnosis 

\Vc 

III 

I 

Schizophrenia, paranoid 

\Vi 

II 

III 


B 

— 

I 

’ ’ catatonic 

S 

— 

III 

J » ) 1 

L 

— 

IV 

ft f * 

Wo 

— 

IV 

Schizophrenia, other types 

Z 

I 

I 

ffff 


a definite or marked increase in postural vaso- 
motor reactivity. Of the 9 patients, with diag- 
noses other than schizophrenia, 4 exhibited a 


definite increase. Of the 7 schizophrenic pa- 
tients studied at least 4 months after loboto- 
my, 4 showed definite or marked increases 
(Table II). No consistent change in vaso- 
motor reactivity developed after operation. 

The schizophrenic patient showed no corre- 
lation between the presence of acral cyanosis 
under control conditions and increase of vaso- 
motor reactivity; however, acral cyanosis de- 
veloped, or if present, became intensified when 
the patients were tilted to the head-up posi- 
tion. 

Mood or thought content changed sharph'- 
in some instances. A patient with involutional 
psychosis was studied 11 times; each time 




Fig. 1. Group I Re.iefion. Syncope after 3 grains of sodium nitrite. 

Fig. 3. Group 11 Reaction. Syncoiie after 7 grains (dotted line) but not after 3 crains of 
sodium nitrite (solid lino). 

I'lG. 3. Group III Reaction. Fall in blood pressure but no srncope after 3 grains ('<=oIid 
lino) or 7 grains (dotted line) of sodium nitrite. * '' 

Fig. 4, Group Ft' Reaction. Rise in blood pressure after 3 grains (solid line) and after 7 
grains (dotted line) of sodium nitrite. 




8 


Postural Reactions in Mental Disease 


distressing hallucinations of violent events de- 
veloped a few minutes after she had been 
tilted up and when decreases in blood pressure 
were only slight. They persisted until she 
was returned to the flat position, when they 
■disappeared, leaving the patient shaken but 
cognizant that the visions had been hallucin-- 
ations. A patient with psychosis due to as- 
phy.xial cerebral damage became fearful when 
her blood pressure began to fall after she was 
tilted up. She spoke spontaneousl)' for the 
first time of the fire during which she had 
almost died and which marked the onset of 
her illness. She described how her son had 
died and she also brought out other material 
previously suppressed. A manic-depressive pa- 
tient in the manic phase became more active 
when her blood pressure began to fall after 
she was tilted up; she showed excitement and 
rambling speech alternating with moodiness 
and weeping. The patients with reactive de- 
pressions, psychoneurosis and chronic alco- 
holism showed no change in mood or mental 
content. The 15 schizophrenic patients ob- 
served showed various psychological reactions. 
In 3 instances syncope occurred so quickly 
that no evaluation of changes in thinking could 
be made. Two young patients with recent 
onset of schizophrenia became more self-ab- 
sorbed and showed expressions suggestive of 
hallucinatory mental content when their blood 
pressures were falling. The remaining pa- 
tients, all e.xamples of schizophrenia of long 
duration, showed no definite ps 3 'chologica] 
change when tilted in the head-up position al- 
though there was some decrease in blood pres- 
sure in half of them. 

Biscussio/!. The data indicate that in- 
creased reactivity of the vasomotor mecha- 
nisms involved in postural changes may 
exist in patients with mental and emotional 
disorders. This finding is not limited to 
schizophrenia. The mechanism of the in- 
creased vasomotor reactivity obsen-ed here 
is not evident. The vasomotor phenomena 
here observed are of interest in that the}' in- 
dicate the occurrence of disturbances of func- 
tions other than those concerned with thought, 
mood or perception in mental disease. The 
similarity of findings in schizophrenia and in 


non-schizophrenic disorders does not support 
the concept that the former is accompanied by 
a specific change in autonomic function. Jlore- 
over, the presence of increased reactivity of 
the postural vasomotor mechanisms in schizo- 
phrenia, negates the belief that the autonomic 
nervous system is less responsive than normal 
in this disease. The common finding of in- 
creased reactivity of vasomotor mechanisms in 
schizophrenic patients here and as previously 
discussed^ suggests that the conclusion that 
such increased vasomotor reactivity is the pre- 
cursor of hypertension is erroneous since the 
incidence of the latter is low in schizophrenia. 
The patients who developed activation of their 
psychoses when placed in the head-up position 
are of interest. These changes began and 
often became marked at a time when changes 
in the general circulation were too small to 
be noteworthy; nevertheless, at this time 
significant changes in cerebral circulation al- 
ready must have been in progress.- The events 
in these patients suggest the wisdom of cau- 
tion in ascribing the onset of, or changes in 
overt psychotic manifestations definitely to 
psychological factors whenever evidences of 
changes in physiological status of the brain 
are absent on superficial e.xamination. 

Studies made here on lobotomy, though 
few, indicate that it causes no distinctive 
change in postural vasomotor reactivity if 
time for complete healing is allowed. Rinkel 
cf al? found increases in the response to in- 
jected epinephrin in patients after lobotomy. 
These findings may possibly indicate over- 
reactivity' of the sympathetic nervous system, 
or, on the other hand, may merely' indicate 
an altered pharmacological response to a sub- 
stance given greatly' in excess of phy'siological 
quantities. At any rate, the fact that Rinkel 
ct al.^ made their studies a few weeks after 
lobotomy, suggests that the changes they 
found are manifestations of an irritative phe- 
nomenon and are not due to div'ision of the 
tracts cut during the operation. 

~irLcnnox7 tV. G.,~Gibb3, F. A., .-irul Gibl.s, E. iT, 
Arch. Xcurol. anil Pfuchial., Ifl.LS, 3-1, lOu], 

3 Rinkel, jr., GrconI)l.att, >t., Coon, G. I>., 
Solomon, 11. C., Arch. XeiiroJ. and r.f!ichi,it.. 1047 , 
•58, 570. 
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Summary and conclusions. In patients with 
mental or emotional disorders, increased ac- 
tivity of vasomotor mechanisms responsive to 
postural change may occur; this is observed 
irrespective of diagnosis. In some psychotic 
patients disturbances in mental content and 
mood, consisting of intensification of pre-exist- 
ing psychotic manifestations, occurred at times 


when it may be assumed that cerebral blood 
flow was diminished. Observations suggest 
that lobotomy causes no distinctive change in 
postural vasomotor reactivity when time for 
complete healing is allowed. 

Eeeeived March 7, 1949. P.S.E.E.M., 1949, 71, 


17060. Effect of Autolyzed Yeast, Yeast Nucleic Acid and Related Sub 
stances on Body-Temperatures of Rats.* 


Robert 1\I. Hill and Enid K. Rutledge. 

Frovi the Departments of Biochemistry ami Pathology, University of Colorado Medical 

Center, Denver. 


It is common practice to produce fever ex- 
perimentally in rats by means of the subcu- 
taneous injection of a solution of autolyzed 
yeast. During the routine use of this proce- 
dure, we found that administration of the 
autolyzed yeast intraperitoneally produced a 
fall instead of a rise in body-temperature. In 
the present paper we are reporting this phe- 
nomenon and some efforts to determine what 
constituent or constituents of the yeast may 
be responsible for the temperature effects. The 
activities of autolyzed yeast, yeast nucleic 
acid, and the nucleic acid derivatives, guan- 
ine, uracil, xanthine, and allantoin were in- 
vestigated. 

Materials. The autolyzed yeast was pre- 
pared in the usual way by making a suspen- 
sion of 15 g of commercial baker’s yeast in 
100 cc of water. This suspension was allowed 
to stand for several days at 37 °C with occa- 
sional shaking. The solid material was then 
separated in the centrifuge and the clear, 
dark brown, supernatant “autolj'sate’’ was 
used as the experimental material. The mag- 
nesium salt of yeast nucleic acid was prepared 
according to the method of Baumann.' All 
nucleic acid derivatives used were Eastman 
products and when necessary were brought to 

* SSiipported by a grant from the Office of Naval 
Eescarcli. 

I Baumann, E. .1., .7. Biol. Chem., 1918, 3.% XIV. 


essentially neutral condition before adminis- 
tration. 

Experimental. The experimental animals 
were young adult white rats about equally di- 
vided between males and females in each ex- 
periment. The animals were fasted overnight 
before use. High colonic temperatures were 
taken with mercury thermometers by means of 
the technic previously described.- As soon 
as the initial temperature was obtained, the 
substance under investigation was injected 
either intraperitoneally in the lower left ab- 
dominal quadrant or subcutaneously cranio- 
laterally to the base of the tail. After injec- 
tion, the animals were kept at room tempera- 
ture in individual wire cages without food or 
water. The room temperature varied between 
25.5 and 2S.5°C. 

With the exception of the yeast, which was 
given as a “15%” autolysate, all test sub- 
stances were administered in 0.1% solution. 

Results. Fig. I shows the response in tem- 
perature following the intraperitoneal injec- 
tion of 2 cc of a “15%’' yeast autolysate con- 
trasted with that after the subcutaneous in- 
jection of 2 cc of the same material. The 
average maximum rise in body-temperature 
after subcutaneous administration was 1.9°C 
and appeared at about the 5th hour. After 

-Hil), R. M., Ware, A. G., and Schultz, F. H., 
Cancer Besearch, 1943, 3, S39. 
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Pjo. 1. 

Average l)ody-temperature change after admin- 
istration of 2 ec of “15%” jcasl autoiysate. 
Upper curve, 150 rats, subcutaneous injection. 
Lower curve, 15 rats, intraperitoneal injection. 



A, 8 rats, sul)cutaneous injection. B, 8 rats, intra- 
peritoneal injection. C, average body-temperature 
change after intraperitone.al injection of 2.0 cc of 
0.19o guanine, S rats. 

intraperitoneal administration, a rapid fa]} in 
body-temperature occurred, which reached an 
average minimum of 2.7 °C below the initial 
value at about the 2nd hour after injection. 

In Fig. 2 are shot^m the results of similar 
experiments in which 2.5 cc of a 0.1% solu- 
tion of the magnesium salt of yeast nucleic 
acid was used. The average maximum rise in 
body-temperature after subcutaneous admin- 
istration was 1.8°C, which occurred at about 
the Sth hour. The average minimum body- 
temperature after intraperitoneal injection 
was 2.9°C below the initial value and appear- 
ed after about 1.5 hours. The similaritj^ be- 
tween the results with yeast autolysate and 
with 3 'east nucleic acid is striking. .Although 


2.0 cc of a “15%” yeast autolysate was used 
on the one hand and 2.5 cc of a 0.1% nucleic 
acid solution was used on the other, the 
amount of nucleic acid injected into each 
animal was about the same, according to the 
analyses of yeast reported by Von Euler, 
Ahlstrom and Hdgberg.® 

The effect of guanine injected intraperiton- 
eally was slight (see the average curve in 
Fig. 2) and was not evident in all the animals. 
Guanine showed no effect when administered 
subcutaneously. Adenine, uracil, xanthine, 
and allantoin had no effect on the body-tem- 
perature by either route of administration. 

During hypothermia, the rats were quiet, 
perhaps somewhat depressed, and showed a 
tendency to lie on the side. However, when 
they were disturbed, they reacted as quickly 
as untreated animals, and seemed normal in 
every way. 

The rise in body-temperature after subcu- 
taneous injection of autolyzed yeast or the 
magnesium salt of nucleic acid was slow and 
the peak was prolonged. The fall after intra- 
peritoneal injection of these substances was 
rapid, the degree of body-temperature change 
was greater, and in most instances the return 
to the initial value occurred in a shorter time. 
These facts suggest that the difference in re- 
sponse to the two routes of administration may 
be due to different rates of absorption. How- 
ever, very small doses given intraperitoneall}’ 
do not produce hyperthermia, and large sub- 
cutaneous injections do not produce hypother- 
mia. Another possibilitj' is that the hypo- 
thermia following intraperitoneal inj'ections is 
a manifestation of shock. .Against this is the 
normal appearance of the peritoneal and other 
serosal surfaces, and the absence of visceral 
hv'peremia, petechiae, and edema in the 
animals sacrificed at the time of ma.vimum 
hypwthermia. 

Discussion. The fact that ver^- small 
amounts of yeast autolv’sate or yeast nucleic 
acid given intraperitoneal!}' did not produce 
h}'perthermia and very large amounts given 
subcutaneously did not produce i}}T>othermia 
would seem to rule out differences in the rate 

3 Von Euler, H., Ablstrora, L.. anil lliisbcrg, 13., 

Z. f. phptHo!. chvm., IPte, 277, 3. 
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and amount of absorption as the cause of the 
contradictor}" effects on bod\"-temperature. 
Our experiments imply that the property of 
producing hyperthermia after subcutaneous 
injection and hypothermia after intraperiton- 
eal injection is inherent in the nucleic acid 
molecule. The fact that the large nucleic acid 
molecule was active though the smaller h\"drol- 
ysis products of nucleic acid were not suggests 
that molecular or particle size mai" be im- 
portant in causing body-temperature changes. 
This raises the questions of phagocytosis of 
the material in the peritoneal cavity and its 
absorption b\" way of the IvTnph channels, and 
the possibility that hj-pothermia is associated 
n-ith activity of the reticulo-endothelial sys- 
tem. Investigations of the^ questions are in 
progress and will be reported later. 


Summary. Subcutaneous injection of 2 cc 
of a yeast autolysate in rats produced 

a significant rise in body-temperature. Intra- 
peritoneal injection of the same material pro- 
duced a significant fall in body-temperature. 
Both qualitatively and quantitative!}" similar 
results were produced by the injection of 2.5 
cc of a 0.1% solution of the magnesium salt 
of yeast nucleic acid. Slight lowering of the 
body-temperature occurred in some animals 
after intraperitoneal injection of guanine. 
Subcutaneous injection of guanine had no ef- 
fect on body-temperature. Adenine, uracil, 
xanthine, and allantoin had no effect on the 
body-temperature of rats by either route of 
administration. 


Beeeived M.ircli 9, 19i9. P.S.E.B.M., 1949, 71. 


17061. Development of Macrocytic Erythrocytes in Leukemic Subjects 
Receiidng Folic Acid Antagonist, 4-Aminopteroylglutamic Acid 
(Aminopterin). 

Sloan J. Wilson, L.avonne Coxsey’, and Catherine Bossi. 

From Department of Medicine, University of Kansas, School of Medicine. Kansa.<t City, Kaii.tn.'^. 


Temporal}- remissions in acute leukemia 
have been produced by the therapeutic ad- 
ministration of the folic acid antagonist 4- 
aminopteroylglutamic acid (aminopterin). 
Farber*-- has reported remissions in children, 
Dameshek"--* has produced equally good re- 
sults in adults. The exact mechanism of the 
action of aminopterin is not known. It is a folic 
acid antagonist in that it possesses the prop- 
erty of inhibiting the growth of Streptococcus 
joccolis R. or L. casci in the presence of mar- 
ginal levels of folic acid. Farber^’ noticed hy- 
persegmentation of neutrophilic granulocytes 
in the peripheral blood and megaloblasts in 
the marrow in leukemic patients receiving folic 
acid antagonists. If aminopterin is a true 
folic acid antagonist one can theorize that mor- 

1 F.nrbcr, S., Di.nmond, L. K., Mercer, B. D., 
Sylvester, E. F., and Wolff, J. A., Xetc England 
,T. Med., 1948, 338, 7S7. 

= Farber, S., Flood, J. Mcmat., 1949, 4, 160. 

3 Damesbek, W., Blood, J. Bemat., 194S, 3, 1057. 

■» Damesbek, W., Blood, J. Mcmat., 1949, 4, 16S. 


phologic changes might be produced in the 
eiythrocytes. In a series of 25 patients 
(children and adults) with acute leukemia of 
all t}-pes treated with aminopterin, results 
were obtained in 7 of these individuals which 
support this theory. 

Experimental. Daily doses of y, to 1.0 mg 
of aminopterin were given intramuscularly. 
One cc of crude liver containing 2 U.S.P. 
units was given ivith each dose of aminop- 
terin. 

Frequent complete blood counts were done 
on all patients receiving therapy. Occasional 
bone marrow biopsies were also obtained. 
iXIore complete studies were obtained when 
macrocytosis and anisocytosis was obser\-ed 
in the circulating red blood cells. These 
studies included red cell counts, hemoglobin, 
hematocrit, mean corpuscular volume, mean 
corpuscular hemoglobin, mean corpuscular 
hemoglobin concentration, morphologic obser- 
vations on the eiythroc}'tes and measurement 
of the mean er}-throc}-tic diameter by the 
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TABLE I. 

Observations on Erjthroeytes in Pour Leukemic Patients Having the Host Harked Hacrocytosis ani 
Anisoeytosis. 


Age, 

yrs. 

Sex 

Days 

therapy 

Total 

rbc. 

Hgbn., 

g 

MCH, 

yy 

Diameter, 

At 

Hnerocytes 

Anisocytes 

3 

H 

0 

2.57 

8.0 

30 

7.0 

0 

0 



30 

2.91 

9.0 

31 

7.2 

-{- + 

+ + 



65 

4.10 

11.8 

29 

7.8 ■ 


4 * 4 * 

3 

F 

0 

*5.04 

14.0 

28 

7.2 

0 

0 



90 

4.79 

13.0 

27 

7.5 

++ 

-k-f 

13 

N 

0 

3.91 

10.4 

27 

7.0 

0 

0 



15 

3.22 

9.3 

29 

7.2 

-f 




30 

3.21 

9.8 

30 

7.5 

-f-f-b-l- 

++++ 

4 

F 

0 

2.20 

4.9 

22 

7.0 

0 

0 



32 

3.78 

10.5 

28 

8.0 

++++ 

-k+++ 


* Transfusions. 


Haden-Hausser er 3 '’throcytometer. 

Observations. An obvious macrocytosis 
and anisocytosis developed in 7 patients. A 
diagnosis of acute leukemia had been made 
in each instance by history, examination of the 
patient, peripheral blood studies and bone 
marrow biopsies. Although it is realized that 
cell types in leukemic diseases of children are 
extremely difficult to classify it is believed 
that 5 cases were acute lymphatic leukemia 
and 2 were of the acute monocytic type. Five 
of the patients were under 10 years of age 
and 2 were in their teens. 

In 4 of the 7 individuals in whom morpho- 
logic changes were observed in the red cell 
series a very marked macrocytosis developed. 
These data are presented in Table I. In no 
instance did a severe anemia exist. All had 
responded well to aminopterin and the leuke- 
mic disease had at least been controlled to 
the extent that no transfusions were necessary. 
The macrocytosis and anisocytosis in the 7 
patients usually became noticeable between 
the fifteenth and thirtieth days of therapy. 
Poikilocytosis was not noticed in any of the 
7 patients. The mean diameter of the red 
cells as measured by the eo'throc.vtometer be- 
came greater as will be noticed in Table I. 
Actually an accurate evaluation of the mor- 
phologic changes in the red cells_ could be 
made by direct microscopic examination of 
the red cells. Photomicrographs of the red 
cells in 2 subjects are shown in Fig. 1. "ne 
degree of macrocytosis and anisocytosis with- 


out poikilocytosis is indeed marked. 

Bone marrow biopsies were done in 2 in- 
stances when the peripheral blood shoived 
morphologic red cell changes. Even though 
the peripheral blood had returned to normal 
and the patients were markedly improved the 
marrow tissue was still markedly infiltrated 
and replaced with leukemic cells to the ex- 
tent that only rare normal bone marroff 
cellular elements were obsen'ed. No true 
megaloblasts were observed in these 2 patients. 
In other individuals however who have had 
extensive therapy with aminopterin an e.xceed- 
ingly rare megaloblast has been observed. 

Discussion. Farber* in his initial report 
emphasized the to.xic nature of aminopterin. 
Man}'- of the lesions produced are similar to 
those produced by a folic acid deficiency in 
the rat and monkejL These lesions are stom- 
atitis, ulceration of the mucous membrane of 
the mouth, smooth tongue, pharyngitis, and 
atrophic changes in the intestinal epithelium. 
The morphologic changes in the erythrocj'tes 
consisting of macrocytosis and anisocytosis 
mav be possibly due to an induced folic acid 
deficiency. It is of interest that poikilocytosis 
is not present in the 7 cases reported herein. 
Farber-and Danieshek'’-^ both emphasize that 
it is impossible to state at this time whether 
all the changes produced in acute leukemia 
bj" folic acid antagonists are primarily due to 
a folic acid deficiencj’. IVhen untoward s\-mp- 
toms rapidlv develop that are similar to those 
produced e.vperimenlally, the various types of 
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c-Langes in re<i blo<^'i c*?il5 during sainopierin t!rerapr- A and b. paiien: 4S-279. 
a. lyrfore th^-rapj. and b. after tberapr^ C and d. patient 4S-2-J*. c is before tfcerapr and d« 
after tberaj^j. In each instance macrorTtosis and acis^x-vtosis are present after tberapj. 



therapy such as vitamin B preparations. liver 
extracts both crude and concentrated, and 
folic acid have not been more beneficial than 
the mere act of stopping the administration of 
the folic acid antagonist. Further obserx'a- 
tions on complicated biochemical systems 
must be made before deSnite conclusions can 
be reached. 


Conclusions. In 7 of 25 human subjects 
with acute leukemia treated with the folic 
acid antagonist 4-amir.opteroyIglutamic acid 
(aminopterin) morphologic changes developed 
in the circulating red blood cells consisting of 
a macrocj'iosis and anisocytosis. 


Recf-ire'l Marc’j 194P. P.S.E.B.Jt.. 1949. Tl, 
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17062. Effect of Heparin on Artificial Activation in the Frog Egg.* 
Drusii-lA Harding. (Introduced by L. V. Heilbrunn.) 

From ihe Department of Zoology, University of Pennsylvania, Fhilailclpliin, Pa. 


It is a well known fact that protoplasmic 
gelation precedes mitosis. The colloidal theory 
of cell division likens this protoplasmic gela- 
tion to blood clotting (see Heilbrunn* for dis- 
cussion). It would be e-XTiected, therefore, 
on the basis of this theor}'’ that anticoagulants, 
such as heparin, might prevent protoplasmic 
gelation. Indeed, Heilbrunn and Wilson- 
have shown that this gelation in the Cha'etop- 
terus egg can be prevented by heparin and, 
moreover, that cell division is subsequent!}' 
inhibited. Heparin also inhibits cell division 
in tissue cultures (Fischer^). 

The most effective method of producing 
artificial parthenogenesis in the frog egg is 
by pricking the egg in the presence of blood 
or blood serum (Bataillon''). It was thought 
that the active principle in the blood might 


be a thrombin or thrombin-like substance 
w'hich could initiate a protoplasmic gelation 
resulting in cell division. If this were true, 
anticoagulants should have some effect on 
parthogenesis in preventing tlie action of 
blood serum. The follomng e.\’periments indi- 
cate that such is indeed the case. 

J?atia pipiens females were induced to ovu- 
late by the implantation of pituitary glands, 
and the ovulated eggs were stripped in roivs 
on to glass slides immediatel}' before use. 
The eggs were covered with the blood mi.vture 
to be tested, and then pricked with a ’fine 
glass needle. For a discussion of the technic 
employed see Rugh.® Mixtures consisting of 
one part frog blood collected by heart punc- 
ture to one part heparin solution were em- 
ployed in the above procedure. The heparinl 


TABLE I. 

9c Cleavage of Eggs Pricked in 1:1 Mixtures of Blood .and Hep.arin Made Vp in Ringer’s 

Solution. 


^ — — Concentration of Heparin in g % , 

0.0 0.2 0.4 0.8 1.0 2.4 3.2 
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19 
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40 

43 
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50 
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— 

63 
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09 
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44 

48 



44 

64 

— 

— . 

40 

43 

40 

34 

49 

42 

48 

— 
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38 

45 

48 

32 

76 

63 

72 

74 

67 
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65 
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67 

61 

05 



— 

03 

60 

59 

39 

23 

— 

— 

31 


68 

51 

OS 

29 

54 

— 

— 

32 

— 

43 

64 

— 

— 

36 

45 


38 


* Aided by a grant from tlie E. S. Public Healtli 
Service, administered by L. 1 . Heiibninn. 

1 Heilbrunn, L. V., OMinc of General 

Physiology, 2nd ed., Philadelplna, 1043. 

2 Heilbrunn, L. V., and Wilson, L., 1 ftoc. 
Soc. Ext. Bion. asd Med., 1049, *0, 1<0- 


SFiseber, A., .-Irch. f. path. Jnat. u. Physint., 
1930, STD, 04. 

•I Uaf.aillon, R, Gompl. rniil. .trail. .Sri. Paris, 
1911, IS-, 020. 

Sltiigli, R., Ezperimrntat Kvihrynlnpy, Xeic 
york, 1941. 
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was made up in frog Ringer’s solution in con- 
centrations of 0.2, 0.4, 0.8, 1.6, 2.4, and 3.2 
grams percent. Control eggs were covered 
with a mixture of one part frog blood to one 
part Ringer’s. A third set of eggs were pricked 
in the absence of any solution. In this way 
it was possible to compare the effectiveness in 
producing artificial parthenogenesis of hep- 
arinated blood with the effectiveness of plain 
blood of the same concentration. After treat- 
ment the eggs were immediately transferred to 
pond water which had been boiled and filtered, 
and were kept at room temperature. Four to 
5 hours later, counts were made of the num- 
ber of divided cells and the total number of 
cells. No attempt was made to distinguish 
between normal and abnormal divisions. 

The results are summarized in Table I. 
which shows the percent cleavage obtained 
when the eggs were pricked in the presence of 
blood and Ringer’s fluid (0% heparin in 
column 1), and in the presence of blood and 
heparin of various concentrations (columns 
2-7). In every case the percent of dividing 
eggs was lower when the heparinated blood 
was used than when the blood-Ringer’s solu- 
tion was used. In only one case, however, 
was the percent as low as in eggs treated by 
pricking alone. The values obtained for the 
e.xperimental eggs were calculated as percent 


t Hynson, Westeott niid Dunning, lots 19S nnd 
202 . 


'R 


% HEPARIN (IN RINGERS) 

Fig. 1. 

Inhibition hv Heparin of Artificial Activation. 

Vc Cleavage in Blood-Heparin Solution 

H/R = ^ X 100 

% CTeavage in Blood-Kinger’s Solution 

of the blood-Ringer’s controls, averaged for 
each concentration, and they were then plot- 
ted in Fig. 1. The 100% line represents the 
cleavages in the blood-Ringer’s fluid. From 
this figure it can be seen that there is a definite 
inhibition by heparin of activation b}’’ prick- 
ing in the presence of blood. This lends fur- 
ther support to the colloidal theory of cell 
division. 

Stattmary. Eggs of Raita pipictis were 
pricked in the presence of heparinated frog 
blood. The percent of dividing eggs was low- 
er in every' case than when the eggs were 
pricked in the presence of blood and Ringer's 
fluid 

Rwcivod Itarch 11, 1949. P.S.E.B.M., 1949, 71. 



17063. Failure of Rutin to Inhibit Hyaluronidase in the Albino Rat. 

Samuel K. Elster. (Introduced by Joel Warren.) 

From the Department of Chemistry and Physics, Army iTedicat Department Pesearch and 
Graduate School, Army Medical Center, Washinnton. D.C. 


Rutin, a naturallj’ occurring flavanol glu- 
coside, has been found to influence favorably 
various states characterized b}' an increased 
capillarj- fragility.^ It has been demonstrated 
that hyaluronidase increased the speed of pas- 
sage of fluids and the blue dj’e T-1824 across 

I Grifiltli, J. Q., Jr., Couch, J. F,, and Lintlaucr, 
If. A., Pp.oc. Soc. Exp. Biol. .\xd JfEO., 1944, 55, 
22S. 


the capillary' membrane in the albino rat.- 
Chambers and Zweifach’’ have considered that 
hi'aluronidase accentuated capillary' fragility 
rather than produced direct changes in capil- 
lary permeability. In vitro, rutin in high 

2E!stcr, S. K., Freeman, M. E., Dorfraan, A. 
Am. ,J. Physiol., 1949, in press, 

3 Chambers, R., aud Zweifacli, B. W., Physiol. 
Per., 1947, 27, 436, 
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concentrations effectively inhibited hyaluron- 
idase, but was inactive in lower concentra- 
tions.'' Levitan*’ tested this reaction in vivo 
in the albino rat, and concluded that rutin 
markedly inhibited the spreading activity of 
intradermall}’^ injected inked hj^aluronidase. 

A technic has been described" in which the 
activity of hyaluronidase was tested in the 
albino rat. Following the intravenous ad- 
ministration of hyaluronidase, changes in 
blood volume occurred. Edema of the e.x- 
tremities appeared and marked elevation of 
the blood hematocrit was noted. A substance 
may be tested for its ability to inhibit this 
reaction, if it does not of itself alter the fluid 
balance of the body. Thus, a substance may 
be considered a h 3 'aluronidase antagonist if, 
after its administration, the hematocrit does 
not rise following the injection of the stand- 
ard amount of enzyme. 

This technic has been applied to the study 
of rutin in the body and its possible role in 
hj'aluronidase inhibition. 

Experimental. 136 male albino rats of the 
Sherman strain were fed Purina laboratory 
chow and water ad lib. The h)'aIuronidase 
was prepared according to the method of Free- 
man ct al.~ The enzyme was assayed® and 
measured 3000 turbidity reducing units 
(T.R.V.) per mg of nitrogen. 

1) T/ic effect of the route and inode of ad- 
ministration of rutin on the hematocrit. 64 
animals, weighing 200-350 g were divided into 
5 groups: 

Group A — 20 normal rats. 

Group B — IS rats, 200 mg rutin suspended 
in 1 ml normal saline fed orally (via stomach 
tube) for 4 successive da 3 -s. 

Group C — 9 rats, 200 mg rutin suspended 
in 1 ml normal saline injected intraperi- 
foneal! 3 ’. 

I Beilcr, J. M., and Jl.artin, G. J., 1947, 


171, 307. 

.'-.Levitan, B. A.. Proc. Soc. E.xr. Bioi,. .xxn 


JtED., 1948, 08, 5GG. 

nElster, S. K., Freeman, M. E.. Anderson. P., 
.7. Lai. amt Clhi. JM.. 1949, in press. 

T Freeman, Jt. E., Anderson, P., Ol.erp, M.. and 
Dorfman, A., 1949, in press. 

SDorfman, A., and Ott, M. U -t-t-’-C., 194S, 


ITS, 36T. 


Group D — 10 rats, 1 ml propylene glycol 
injected intraperitoneall 3 '. 

Group E — 10 rats, 200 mg rutin dissolved 
in 1 ml propylene gl 3 xol injected intraperi- 
toneally. 

All animals were bled from the aorta and 
sacrificed. The hematocrit was determined by 
centrifugation at 3000 rpm for 30 minutes.® 
Blood was drawn from Groups C, D and E 
hours following the injections and from 
Group B 1)4 hours following the last gastric 
administration. 

Marked changes were noted in the animals 
in Groups C, D and E. They' were lethargic 
and their abdomens were protuberant. When 
their abdominal cavities were opened, several 
ml of free fluid were encountered. In Groups 
C and E, this fluid was light yellow; rutin was 
precipitated on the peritoneal surfaces of the 
organs. The abdominal fluid encountered in 
the animals of Group D was slightly cloudy 
and colorless. The intestines and peritoneum 
were inflamed and edematous. The most 
severe changes were noted in the animals of 
Group E, in which as much as 8 mi of fluid 
were removed from the abdominal cavity. The 
animals of Groups A and B appeared normal. 

The changes in plasma volume are reflected 
in the hematocrit determinations (Fig. 1). 

EFFECT OF MODE CT AD^WSTRATtON CF RlfTiN ON THE 



RWintrol.e, >f. Cliiiieal irciiiiitntdKy, Lra & 
Fi'liigiT, 1947. Pliiladelplii.-i. 
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FAUge OF mJTLN TO FPOTtCT M1»JST maiiTOCOSSt m T>€ 



■ K4 

O Rrf»-200*'7H e»e'V *8» 4 <5yi 
V tMx it 


Fig. 2. 


The mean hematocrit of Group A, 46.0%, 
was representative of normal values obtained 
for a similarlj’- constituted normal population 
of 150 male rats. .All other groups showed 
evidence of hemoconcentration. The mean 
hematocrit value for Group C was 54.4%, 
Group D 57.1% and Group E 68.5%. A few 
animals of Group C had a normal hematocrit, 
but none of Group D or E was normal. Group 
E had the greatest clinical effects and the 
greatest hemoconcentration. Every animal 
of this group had severe diminution of plasma 
volume. The hematocrits of the rats in Group 
B were slightly elevated; the mean value was 
50.3%. Alost animals of this group had 
little or no change of hematocrit and only 
one had a moderate increase (56%). There- 
fore, the oral route was selected as the best 
a%'ailable means of rutin administration for 
the second part of the experiment, since it 
caused the least change in the hematocrit. 

2) The role of rutin in hyaluronidase an- 
tagonism in vivo. 72 animals weighing 160- 
230 g were used. Thirty-two animals were 
fed 200 mg rutin in 1 ml saline by stomach 
tube for 4 successive da3-s. On the last daj^ 
1 '/> hours following the gastric administration, 
15 rats were given 2500 T.R.U., 5 rats were 
given 3750 T.R.U. and 12 animals were given 
5000 T.R.U. ht'aluronidase bt’ the intraven- 
ous route. .At the end of 30 minutes, they 
were bled from the aorta and the hematocrit 


of the blood determined. Fort\' animals were 
not pretreated with rutin; 20 rats were given 
2500 T.R.U., 10 rats were administered 3750 
T.R.U. and 10 were given 5000 T.R.U. hj^al- 
uronidase intravenously. These were bled and 
sacrificed 30 minutes after the injection and 
the blood hematocrit determined. 

The animals that received hj'aluronidase 
alone, developed edema of the extremities and 
face within 5-15 minutes; this was maximal in 
30 minutes. In a previous communication- 
it has been reported that the edema began to 
recede in 2 hours and had disappeared com- 
pletely in 24 hours. The hematocrits of the 
blood were markedh' elevated (Fig. 2); the 
mean values were 60.0 to 62.9%. The group 
that was pretreated with rutin and then re- 
ceived hyaluronidase intravenouslj'' was indis- 
tinguishable from the previous group. Edema 
of equal intensity and duration appeared in 
the same areas. The hematocrits of these 
animals were elevated and the mean values 
were not significantly different from that group 
receiving hj-aluronidase alone. .Although the 
range of values was different, the mean hema- 
tocrit (57.1%) of the animals receiving 2500 
units h\-aluronidase and rutin was not statistic- 
ally different from the mean (60.0%) of the 
group receiving onlj- h\-aIuronidase. In the 
groups receiving the larger amounts of h\-alur- 
onidase, onlj- one animal failed to respond 
with a rise of hematocrit. 
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Discussion. In the evaluation of the inhib- 
itory action of rutin on hyaluronidase in vivo, 
the method of rutin administration must be 
considered. It has been demonstrated that 
200 mg rutin suspended in saline, when given 
intraperitoneally to a rat, acted as an irritant 
and caused the formation of hydroperitoneum. 
Prop}dene glycol had a similar action. Rutin 
dissolved in propylene glycol was the most 
active and caused so much peritoneal fluid 
loss that marked hemoconcentratidn occurred. 
In the experiments of Levitan, 200 mg rutin 
dissolved in 1 ml propylene glycol were given 
intraperitoneally to rats weighing 2S0-400 
g. Three and one-half hours later, testicular 
hyaluronidase and india ink were injected into 
the skin and the rats were sacrificed 22 hours 
after that. There was marked inhibition of 
the spread of the hyaluronidase-ink mixture, 
as well as a decrease in the spread of the con- 
trol ink and saline. Propylene glycol alone, 
when given intraperitoneally, caused a smaller 
decrease in the spread of the hyaluronidase. 
Since both of these agents have been demon- 
strated to cause extreme hemoconcentration 
when given intraperitoneally, the validity of 
conclusions as to the efficacy of these drugs 
on hyaluronidase inhibition is open to extreme 
doubt. Duran-Reynals^” has emphasized that 
“in the living animal a permeating effect on 
blood capillaries takes place which ma}'’ con- 
tribute to the final phase of the spreading.’’ In 
an animal in a condition of marked diminu- 
tion of blood volume, the available fluid for 

10 Dunin-Ucynals, F., Boot. Bcv., 1942, C, 197. 


the spreading reaction is greatly diminished 
and the conditions for spread are not optimal. 

Rutin has been found to inhibit h 3 'aluroni- 
dase in vitro, and this inhibition has been po- 
tentiated by Vitamin C. These studies have 
demonstrated that rutin, when administered 
orally, failed to modify the action of h 3 'alur- 
onfdase on edema formation and elevation of 
hematocrit in the albino rat. Rutin in the 
body is presumed to decrease capillary fragili- 
ty. However, the investigations performed 
at this laborator 3 '- have failed to produce evi- 
dence that hyaluronidase increased capillarv' 
fragility, as the edema is not accompanied by 
red blood cell extravasation. 

Summary. ]. H 3 'aluronidase increased the 
diffusion of fluid across the capillary mem- 
brane and cause elevation of the blood hema- 
tocrit. 

2. Rutin, in the amounts used in these ex- 
periments, failed to inhibit this reaction in 
the albino rat. 

3. Rutin in propylene glycol, given intra- 
peritoneally to the albino rat, caused the for- 
mation of hydroperitoneum and marked 
hemoconcentration. Propylene gh'col given 
b 3 '^ the same route had a similar, although 
lesser, effect. VTien administered orally, ru- 
tin caused little elevation of the hematocrit. 

The assistance of Miss Elaine Lowry is grate- 
fully acknowledged. The author is indebted to 
Major Monroe E. Freeman, JfSC, for the 
Jiy.'iluronidase preparations. 

Received March 15, 1949. P.S.E.B.M., 1949, 71. 


17064. Role of Potassium in Dialysing Fluid in Treatment with the Artificial 
Kidney.- 

J. Wener,* and N. K. M. de Leeuw.* (Introduced by J. S. L. Browne.) 

From the McGill Univen-ity Clinic untJ the Department of Snrffrr]!, Jlo.vnl 1 irtoria tJospital, 

Montreal, Canada. 


Spontaneous elevations of serum potassium 
levek with electrocardiographic changes simi- 

“ C. Bntherfurd Cavcriiiil Fellow in Morlicinc, 
McGill University. 

i Archihald Fellow in the Uepartment of Fx- 
porimental Surgery, .AfeGill University. 


lar to those found in dogs with c.xpcriniental 
anuria’ have been demonstrated in man dur- 
ing the terminal stages of uremia,- ''- indicating 
that h3-perpotassemia may be an important 
~T Hoff. , Sntiti', IML, .md Winkler, .4. W., 
J. Clin, /nfc.sb, 1941, SO. f'0<. 
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TABLE I. 

Concentration of Potassium in Patient’s Serum and in tlie Dialysing Fluid Before and After 
Dialysis. 


Serum K K of dialysing fluid Amt of K 

, , j removed 



Before 

After 

Length of 

Before 

After 

by 


dialysis. 

dialysis, 

treatment. 

treatment, 

treatment. 

dialysis, 

Case No. 

mg % 

mg % 

brs 

mg % 

mg 9c 

g 

I 

26.3 

23.7 

6 

20.1 

20.9 

.80 

II 

2S.3 

24.6 

6 

5.0 

12.6 

7.6 

ni 

20.4 

11.9 

6* 

7.76 

7.56t 

— 


* After -i hours 35 g of KCl rvas added to the dialysing fluid because of the changes in the 
electrocardiogram, indicating hypopotassemia. The potassium content of the dialysing fluid was 
hereby increased to 24.5 mg ’Jc- Treatment was then continued for another 2 hours. 

t Potassium content of the dialysing fluid after the first 4 hours of treatment before the 35 
g of KCl was added. 


factor in the mechanism of death in uremia, 
especially when associated with anuria or oli- 
guria. 

This studj’ was undertaken to estimate the 
use of an artificial kidney in the elimination 
of potassium from the body in cases of uremia 
in which the serum potassium levels are ele- 
vated. 

Methods. Serum potassium was determined 
and electrocardiograms were taken in 3 pa- 
tients with a severe degree of uremia, prior to, 
during, and after treatment with the artificial 
kidney. The artificial kidney and the consti- 
tution of the dialysing fluid were similar to 
those used Kolft," but in cases II and III 
no KCl was added to the dialysing fluid. The 
potassium in the dialysing fluid was estimated 
before and after treatment. Its level of 5 and 
7.76 mg% in the dialysing fluid before treat- 
ment in cases II and III respectively (Table 
I) was probably due to pwtassium contamin- 
ants in the other salts and the tap water in 
the dialysing fluid. The other biochemical 
and clinical findings in these cases will be re- 
ported in detail elsewhere.®-"' 

Results. From the experimental data in 

- Marcbtind, J. F., and Finch, C. A., Arch. Int. 
ilcd., 1044, 73, 384. 

3 Kcitli, N. M., Burchcll, 11. B., and Baggcn- 
Btofs, A. H., Am. Bcart .1., 1944, 27, 817. 

■* Stewart, H. .1., Shepard, E. M., and Horger, 
E. L., Am. .T. Med., 1948, 5, 821. 

.'Bywaters, E, G. L., J.A.M.A., 1944, 124, 1103. 

0 Strauss, M. B., .Ycir England J. Med., 1948. 
2£tV, C93. 

TKdlff, W. .1.. “New Ways of Treating Ure- 
mia,” .T. & A. ChurchiU, Ltd., London, 1047. 


Table I, it is apparent that when the potas- 
sium content of the dialysing fluid is below 
20 mg% (see case II) a significant amount of 
potassium can be removed bj' artificial dialysis 
from the body of uremic patients with hyper- 
potassemia, -without danger of hypopotas- 
semia. ^^^hen the potassium of the dialysing 
fluid is maintained at 20.1 mg% (case I) the 
serum potassium is lowered only slightly and 
an insignificant amount of potassium is ac- 
tually removed from the body. In uremic 
patients with normal serum potassium levels, 
hypopotassemia can occur when the potassium 
of the dialysing fluid is markedly lowered 
(case III, fable I). 

In case III, changes in the electrocardio- 
gram indicative of some degree of hj’popotas- 
semia'® were obser\'ed after 4 hours of dialysis 
and potassium was then added to the dialj^s- 
ing fluid and the dialysis continued for an- 
other 2 hours, .\lthough the serum of the 
blood withdra-wn at this time was found to 
contain 11.9 mg% of potassium, the patient 
did not show clinical s\-mptoms associated 
with hj-popotassemia. During the dialysis the 
patient voided 1 ,200 cc of urine. The serum 
potassium level 5 hours after the dialysis was 
14.6 mg%. 

Discussion. Kolff^ originall 3 ’- omitted po- 
tassium from the diah'sing fluid, but owing 

3 Miller, G. G., and Bipstein, C. B., to be pub- 
lishod. 

hWencr, .L, dc Lceuw, N. K. M., and MacLean, 
J. T., to be published. 

10 Martin, H. E., .and Wertnian. M.. Am. Heart 
J.. 1047, 34, 640. 
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to the possible dangers of producing hypo- 
potassemia, he and later Bj'waters and 
Joekes/’ both recommended that physiologi- 
cal amounts of potassium be included in the 
dial 3 ^sing fluid. 

From Kolff’s' data it was apparent that hy- 
popotassemia occurred only in a patient who 
had a normal serum potassium concentration 
to start with, very similar to that in case III, 
Table I. 

The variable results obtained in these cases 
are probably due to the differences in the 
direction of the potassium shift. In case II, 
the increase of 7.6 g of potassium in the dialys- 
ing fluid during the dialysis indicated that 
potassium was removed from the intracellular 
as well as from the extracellular fluids. In 
cases I and III, since there was no significant 
increase of potassium in the dialysing fluid, the 
potassium shift probably occurred mainly 
from the e.xtracellular to the intracellular 
fluids. The lowering of the serum potassium 
in these instances might be explained bj' other 
factors: (a) the dilution of the patient’s blood 
with the blood added to the artificial kidnej^ 
prior to its use, and by the further addition of 
varying amounts of blood and intravenous 
fluids during the treatment: (b) the fact that 
the glucose present in very high amount"-*^ in 

11 Bywaters, B. G. L., and Jockes, A. M., Proc. 
Poyoisoc. MeH., lOiS, 41, 420. 


the blood leaving the artificial kidnej' to be 
returned to the body will, on entering the 
sj’stemic . circulation, be stored as glycogen, 
with the resultant shift of potassium from the 
e.xtracellular to the intracellular spaces"' was 
the main reason that Bjwaters and Joekes” 
recommended that physiological amounts of 
potassium to be added to the dialysing fluid; 
and (c) potassium elimination from the blood 
stream b\' urinary e.xcretion. This last factor 
may have operated in Case III where the 
patient voided 1,200 cc urine during the period 
of dial 3 ’sis. 

Summary. From the obsen^ations reported 
it would appear that the artificial kidney can 
serve as a safe and efficient method for re- 
moving e.xcess potassium from the body in 
uremia patients with h 3 'perpotassemia. How- 
ever, further study is required to determine 
the amount of potassium that should be added 
to the dial 3 'sing fluid in each individual case. 
This will probably vary with the degree of 
hyperpotassemia present before treatment is 
begun. 

M'e wish to express our thunks to Doctors G. 0. 
Jniler .and J. T. MaeLcan for porniissioii to study 
fUoir patients. We are grateful to Dr. Jtartiii 
Hoffmon for many licl 2 )fiil suggestions niid eriti- 
cisnis. 

Recci\’cd Atarcli 15, 104!). P..S.K.E.yr., 1040, 71. 


17065. Nu 445 in the Treatment of Urinary Infections Due to Gram Nega- 
tive Bacilli.* 

Fritz B. Schweinburg and .Ale.xander AI. Rutenburc. (Introduced by J. Fine.) 

From the. Kirstcin Lnhorittonj for Suraira) Uesrnreh, Peth J.iracl llospitnl, /to.sfoii, <ie<l the 
Depurtment of Surgery, Harrurd ilctJical Srhonl, Poston, Mnn.s. 


Introduction. Nu 445 1 (3,4-dimethyI-5- 
sulfanilamido-iso.xasole) is one of the newer 
sulfonamides said to be highly effective for 
urinary tract infections due to E. coJi and B. 
protcus.'-'’ The reported results on the thera- 

“'^Xi^(r)7v~:7^ranr from tiie Patrons of Re 
scarcli, Bctli I.sracI Hospital. 

t .Supplied tlirough the courtesy of UoiTmami- 

Jm Roclio, Ine. 


peulic activity^ of this drug in man are meager 

1 Scliiiitzor, R. .1., Poster, II. K., Kreoli, X., 
Sao-Iloo, A., .Mangieri, C. X.. Roe, M. I)., 
Pliiirm. anil Erp. Thrrap., 1040. 88, 47. 

e.SarnolT, G. d.. Pcoc. .‘-'oc. K.vr. Biot., .r.vn .Hrii., 
104S, «8, 2.5. 

Xarins, B., J. Frol. 104S. r.n, 02. 

4 Sariioff, .S. J.. Preedni.'in, -Xf. ll.rmnti, A. 

J. I’rol, ]04fi. •T.T, 417. 
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TABLET. 

Comparative in vitro Sensitivity of Several Strains of Various Gram Negative Micro-organisms 

to 4 Sulfonamides. 


StMiii 

Nu 445t 
titers in mg % 

STt 

titers in mg % 

SD} 

titers in mg % 

SMT} 

titers in mg % 

c* 

stf 

e 

st 

c 

st 

1! 

St 

l-H 

7o0 

500 

500 

100 

250 

50 

25 

25 

T » O 

1000 

500 

500 

100 

250 

100 

250 

100 

” 3 

750 

500 

1000 

1000 

1000 

250 

50 

25 

” 4 

100 

25 

500 

250 

500 

250 

750 

100 

” 5 

250 

100 

500 

100 

.300 

25 

500 

250 

A. aerogenex 1 

750 

500 

500 

100 

>1000 

>1000 

750 

500 

’ ^ 2 

>1000 

>1000 

1000 

750 

>1000 

1000 

250 

100 

” 3 

>1000 

>1000 

>1000 

>1000 

>1000 

>1000 

>1000 

>1000 

” 4 

1000 

500 

500 

100 

>1000 

1000 

750 

500 

B. proten.s 1 

>1000 

300 

750 

50 

2.50 

25 

100 

25 

2 

>1000 

>1000 

1000 

500 

>1000 

>1000 

500 

100 

” i 

>1000 

>1000 

>1000 

>1000 

>1000 

>1000 

1000 

750 

” 4 

2.50 

100 

1000 

500 

>1000 

>1000 

750 

250 

R- Vlincgancns 1 

>1000 

>1000 

>1000 

1000 

>1000 

>1000 

750 

500 

> ? O 

500 

100 

>1000 

V50 

>1000 

>1000 

1000 

500 

” 3 

>1000 

>1000 

.500 

loo 

>1000 

>1000 

750 

500 

” 4 

>1000 

1000 

>1000 

>1000 

>1000 

>1000 

500 

100 

K. typhi 1 

lOOCI 

250 

500 

250 

1000 

500 

250 

50 

2 

750 

230 

500 

100 

1000 

500 

500 

100 

S. pnrntyphi 1 

1000 

230 

500 

250 

>1000 

>1000 

250 

25 

f > o 

1000 

250 

750 

5U0 

>1000 

>1000 

250 

100 

S. .’ichottmiieVcri 1 

>1000 

1000 

>1000 

750 

>1000 

>1000 

500 

100 

2 

>1000 

1000 

>1000 

750 

>1000 

750 

500 

100 


* c = bactericidal titer. 

1 st = bacteriostatic titer. 


t NU 445 — 3.4-dimetbyl-3-sulfaiiiIamido isoxasolc. 
•ST — sulfatliiazole. 

SD — sulfadiazine. 

SMT — sulfametbazine. 


and conflicting. In vitro and in vivo studies on 
animals showed that sulfadiazine was slightly 
superior to Mu 445 against E. coli, moderately 
superior against S. scliottmuelleri and greatly 
superior against Klebsiella A.^ Because of 
these inconsistencies, a further clinical and 
in vitro study of the drug is herewith reported. 

In vitro studies: The in vitro action of the 
drug on various gram negative bacilli was de- 
termined and compared with that of sulfadia- 
zine (SD), sulfamethazine (SMT), and sul- 
fathiazole (ST). 

Serial dilutions of a 1% solution of the 

Rodgers, R. s., Colbv, F. H., J. Vroh, 194S, 

. 5 !>, fi.sa. 

0 Il.niio.s, -W. ir., iricclli, S.. Prnn. Mai. J., 1947, 

.">0, laes. 


drug in nutrient broth (pH S.2) were made, 
and to 0.9 cc of each dilution was added 0.1 
cc (500 to 3000 microorganisms) of a bac- 
terial suspension from a 24-hour growth. The 
highest drug dilution at which there was no 
macroscopically visible growth after 24 hours 
at 37° was taken to be the bactericidal titer 
(c). The highest drug dilution in which there 
was definitely less turbidity as compared to 
the control tubes was taken to be the bacterio- 
static titer (st). 

Most of the bacterial strains tested were 
freshly isolated from infected urines. E. typhi 
and the Salmonellae had been cultured from 
stools or blood and had undergone a number 
of transfers. 

Table I shows that the 4 sulfonamides test- 



22 


A’u 445 IN Urin^bv Infections 


Results of Treatment with Nu 445 in 


TABLE II. 

TTneompIicated* and Compiicatcdt Urinary Infections. 


Type of disease 


Type of Cases cured, 

infection No. of eases No. 


Cases not enroll, 
No. 


Uncomplicated 


Complicated 


Monovalent 7 ) 

Pohwalent 2 f 

Monovalent 1 ) 

Poli'valent 10 J 


0 


3 


1 10 


Total 20 


* Uncomplicated means acute cystitis, acute pyelitis, or acute pvelonepi.ritis without anv 
additional pathology. - > - i 

t Complicated means additional pathology such as severe chronic infection, calculi, hydro- 
nephrosis, obstruction to urinary flow, or constant drainage. 


ed e.xert differing effects on various strains of 
the same species of bacteria. For e.\-ample, of 
the 5 E. coli strains tested, 2 were most 
sensitive to SMT, 2 to Nu 445, and one 
equally to SD and SMT. Of 4 strains of Ps, 
aeruginosa, (B. pyocyaneus), 3 were best in- 
hibited by SMT, one by Nu 445. The effect 
of SMT on the typhoid-paratyphoid group was 
definitely superior to that of the other 3 drugs. 
From the foregoing data, Nu 445 appeared to 
be worthy of clinical trial in infections due 
to E. coli, B. proteus, or Ps. aeruginosa'. 

Clinical Observations. Twenty unselected 
patients with a variety of urinarj’- tract infec- 
tions due to gram negative bacilli were given 
Nu 445 orally. In spite of large daily doses, 
the blood levels remained rather low indicat- 
ing rapid acetylation and excretion of the 
drug.'’ 

The results of treatment are indicated by 
2 types of response. A. Clinical and bacterio- 
logical cure. This result was obtained in 7 
patients (35%). The patients in this group 
were followed for at least 2 weeks, and at 
least 2 sterile cultures were obtained after 
termination of treatment. B. Clinical and 
bacteriological failure. Of the 13 patients 
(65^) in this group, 3 showed temporary’ im- 
provement, but had a recurrence shortly after 
the drug was omitted. 

Discussion. The results of treatment with 
Nu 445 are inferior to those obtained with 
SMT and other sulfonamides.""^^ Si.x of 7 
patients \vith pure E. coli infection and one 

TKutvnburg. A. -It., gebweinburg, E. I?., Stir- 
1949. 

.s L.iTowsky, L. W.. J. Urol., 1913, .50, 023. 


patient with pure B. proteus infection were 
cured. Four of these had received SD rrith- 
out benefit. Not one of 12 patients with 
mixed infection was cured. Three, however, 
for various reasons, did not receive a full 
course of the drug. Ten of the 12 had com- 
plicating pathology such as obstruction, cal- 
culi, hydronephrosis or constant drainage, etc. 
(Table II). 

Although alkali therapy was not adminis- 
tered, the urine pH ranged from 4. 5-7.5. No 
renal damage or cry'stalluria was obser\’ed in 
any patient. In 2 patients a dose of 12 g 
daily for several days and in one patient 
a dose of 19 g inadvertently given in one day’, 
did not produce any' toxic symiptoms. Mild 
nausea and vonuting occurred once after 6 g 
had been gi\'en daiJy for 4 days, and disap- 
peared within 24 hours after termination of 
therapy’. 

Nu 445 is a safe and effective drug in un- 
complicated monovalent infections of the 
urinary tract due to B. proteus or E. coli, but 
is of little or no value in pohwalent infections, 
and in those associated with complicating 
organic disease in which SD*^ and SMT' have 
occasionally’ achieved cure. However, Nu 
445, like other sulfonamides and antibiotics, 
may produce a cure when other drugs do not. 

Summary. 1. An in vitro study of the action 
of Nu 445 shows that this drug occasionally 

C S.ittcrtliw:utP, R. W., Hill, .1. I!., .nnd Youiif;, 
n. H., J. Urol., 1H41, •!«, 301. 

10 IWniliob, H. E., J’rnr. .Staff Mnijo 

Clinic-, 3042, IT, 529. 

11 Culp, O. S.. .T. Urol.. 3940, .M. IKT. 
l2AI.vv.-i. E. E.. .r. Urol, 1042, 17. 239. 
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exerts a greater bacteriostatic and bactericidal 
effect on certain strains of gram negative ba- 
cilli than do other sulfonamides, 

2. Clinical trial in 20 patients with urinary 
infections indicated excellent effectiveness of 
the drug in uncomplicated, monovalent infec- 
tions due to E. coli or B. proteus. 

3. Results of treatment in polwalent infec- 


tions and in cases with complicating pathologj' 
were poor. 

4. The marked lack of toxicity of Nu 445 
recommends its use in appropriate cases, in 
which it will occasionally be found to be more 
effective than other sulfonamides. 

Bcccivcd Marcli 17, 1949. P.S.B.B.M., 1949, 71. 


17066. Metabolic Fate of 4,4'-Diaminodiphenylsulfone (DDS) in the Rab- 
bit and its Isolation from Urine. 

iM. I. SinxH, E. L. Jackson, Y. T. Chang, and W. H. Longenecker.* 

Frftiii the Experimental Siology and iCedicinc Inslitulc, Xaiional InsUtulcn of Health, 

Bethrsda, Haryland. 


4,4'-Diaminodiphenylsulfone (DDS) and 
many of its derivatives have been used nith 
a measure of success in the treatment of ex- 
perimental tuberculosis.^’- ^lore recently the 
potentiating action of some sulfone deriva- 
tives on streptomycin has also been shown.® 
Of the various t\p)es of sulfone derivatives in- 
direct evidence has indicated that certain 
disubstituted derivatives like promin, diasone 
and possibly sulphetrone are metabolized to 
the toxic parent substance DDS while the 
monosubstituted alkyl and hi'droxyalkyl de- 
rivatives do not appear to undergo such trans- 
formation in the body to an appreciable ex- 
tent.'* Indirect evidence has also indicated 
that DDS itself does not change to any sig- 
nificant degree in the bodj% at least in so far 
as acetylation is concerned.'-' Obviously, 
direct evidence on these points can onb* be 

* Lalioratorj- of Tropical Diseases, llicrobio- 
loRical Institute, 

1 Smith, M. I., Emmart, E. IV., .md Westfall, 
B. B.. J. Pharm. Exp. Therapy., 194'2, 74, Ifi3. 

^ Smith, M, I., A’, r. State J. Med.. 1945, 4S, 
IfiC5. 

•I Smith. M. I., McClosky, W. T., Jackson, E. L., 
and Bauer, II., Proc. Soc. Exr. Biol, .vsn Med., 
1947, C4, ’JGl. 

■* Smith, II. I,, .Tackson, E. L., Jungc, J. M., 
and Bhattacharya, B. K., Am. Err. Txihcrc., in 
press. 

•'Smith. It. I., and lU-nosky, W. T.. Am. Err. 
T III, err.. 194.5, .72, ,304. 


had by the actual isolation of DDS from the 
urine. The present report describes a satis- 
factory method for the isolation and recover!- 
of DDS added to rabbit urine and the isola- 
tion and the identification as DDS of about 
70% of the total diazotizable material in the 
urine of rabbits given DDS orally. 

Procedure. The isolation of DDS from 
rabbit urine is based on the solubility of its 
hj-drochloride in water and the relative insolu- 
bilitj- of the base in water, but its ready solu- 
bility in ethyl acetate. Ethyl acetate appears 
to be the most satisfactory’ of several water- 
immiscible solvents tried. 

The urine is made strongly alkaline to lit- 
mus with NaOH and chilled on ice for a 
B-hile to aid precipitation of the base. It is 
then shaken out thoroughl}’ 2 to 3 times in a 
separatory- funnel with 30 to 50 cc of ethyl 
acetate, alloiving as complete separation as 
possible each time. The partly emulsified 
combined ethj-l acetate axtract is cleared b\' 
the gradual addition of anhydrous sodium 
sulfate ivith stirring. The clear ethyl acetate 
solution is decanted and the NanS 64 residue 
is yvashed 2 to 3 times yvith small portions of 
ethyl acetate. 

The combined ethyl acetate extracts are 
yvashed once with about 5 cc HoO and then 
thoroughly extracted yvith 5 cc portions of 
X HCl. This should be repeated 5 to 7 times. 
The combined acid extract is chilled on ice 
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TABLE I. 


Praetionation of Babbit Urine for tlie Isolation of 4,4'-Diamiiio(liplienylsu]foiie (BDS). Pignres in first i 
fractions give DPS equivaient in nig as obtained by tIic.Bratton and iMarsIiali Diazotization Tcclrait. 


Pr.action 

30 ce normal 
urine with 

03 mg DDS 
added 

Urine of rabbits given 0.5 g/kg DDS orally 

^ — — — “"S 

30 ce urine 30 ce urine 60 cc urine 

containing containing containing 

100 mg DDS 100 mg DDS 200 rag DDS 
equivalent cquiv.alcnt equivalent 

1. Besidual urine after extraction 
with ethyl acetate 

0,25 

7.2 

8.8 

10.3 

2. Ethyl acetate ext. after extraction 
with jr IICl evaporation to dry- 
ness, residue taken up in dil HCl 
and filtered 

0.25 

4.S 

5.8 

7.1 

3. Mother liquor and washings of 
crystals obtained by alkaliniza- 
tion of the HCl extract 

ao 

20.3 

15.0 

20.9 

4. Acetone insoluble part of isolated 
crystals 

5. Acetone soluble part of isolated 
crystals 


trace 

trace 


(a) Weight rag 

47 

63 

68 

141 

(b) of total 

74.6 

63 

. cs 

70.5 

(c) Melting point °C 

175-6 

• 170-2 

170-2 

171-2 

(d) JI.P. when mixed with pure 

DDS "C 

175-6 

173-4 

J-ii 3-4 

174-5 


and alkalinized by addition of about 20% 
NaOH solution. After being chilled on ice 
the crystals are collected b)' centrifugation, 
washed by centrifugation with a minimum 
volume of ice cold water until neutral to lit- 
mus and dried at 60-80°C. The dry residue 
in the centrifuge tube is dissolved for the most 
part in a few cc of acetone, centrifuged, the 
clear solution decanted into a suitable weigh- 
ing bottle and the operation repeated 2 to 3 
times, to separate the acetone-soluble part 
from the insoluble solid which is discarded. 
The acetone is allowed to evaporate and the 
residue dried in vacuo to constant weight. 
The material so obtained from urine, when 
pure DDS is added to it, had a sharp melting 
point of 175-176°C. Material so obtained 
from urine of rabbits given DDS per os as- 
saved 100% by a modification of the Bratton 
and Marshal diazotization technic and usually 
had a melting point of 170-1 72‘’C: when 
mixed with pure DDS it melted at 173-175°C. 
Recrystallization of this material by dissolv- 
ing (t in a minimum volume of acetone and 
slo^wly adding 5 to 6 volumes of water, centri- 
fugation and drying yielded crystals which 
had a melting point of 172-174'C. The erp- 
tals were decolorized in hot methanol solution 


with Norit and recovered by evaporation of 
the solvent. A final recrystallization from a 
little methanol yielded DDS melting at 17S- 
I76°C alone or mi.xed with authentic crystals 
of DDS. 

Table I shows the results of fractionation 
of a sample rabbit urine to which 63 mg of 
pure DDS had been added as the h.vdrochlor- 
ide and similar fractionation of pooled cathe- 
ferized specimens of urine obtained from 3 
rabbits 3 to 6 hours after the oral administra- 
tion of 0.5 gAsof DDS in aqueous suspension 
with gum acacia. In the latter instance the 
urine was assayed hy a modified Bratton and 
Marshal technic® against DDS as a standard 
and a volume of urine corresponding to the 
amount of DDS equivalent indicated in the 
table was used for fractionation. 

The data in Table I indicate tJiat at least 
63-70% of the total diazotizable material in 
the urine is unaltered DDS. Parallel assa3's of 
the several fractions by diazotization after 
acid hydrolvsis at I00=C and direct diazotiz- 
ation at room temperature gave identical 

tv. T., J- riatrvt. -SVi. e<I., IMS, .‘17, 

4fit. 
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values except in fraction one in whicli the 
former values were from 10-30^ higher 
suggesting that a small amount, not over 5% 
of the total, had been altered to ^me meta- 
bolite, possibly conjugated DDS. 

The technic of partition chromatography on 
filter paper, as originated by Consden, Gordon 
and INIartin' has been adapted for the resolu- 
tion of DDS and several S3'nthetic derivatives 
from mixtures. Normal butanol saturated 
with 3^0 ammonia, benzene saturated with 
water, and equal parts of benzene and cyclo- 
hexane saturated with water were used with 
ascending columns of narrow (J4 in. wide) 
strips of Whatman’s No. 1 filter paper. The 
papers were hung for 3 to 24 hours in a liter 
graduate cjdinder containing 100 cc of one of 
the above solvents. Colored bands of DDS 
or monosubstituted derivatives were produced 
by pipetting . the Bratton and ^Marshal re- 
agents (dissolved in organic solvents to mini- 
mize dispersal of the pigments produced) on 
the dried strips. The p-dimethylaminobenzal- 
dehj’de reagent (1% in 3% HCl) of Kiihnau,® 
giving a j'ellow to orange precipitate, has also 
been found useful. It has been found that 
rabbit urine containing DDS or certain de- 
rivatives, may be chromatographed rvithout 
prior treatment. Aliquots of 0.01 cc, contain- 
ing 0.1 to 1.0 7 of each sulfone, were used. 

.Jipptying such methods to the several frac- 
tions in Table I evidence has been obtained to 
indicate that, in addition to the original urine, 

" Consden, B., Gordon, A. H., and M.artin, 
A. J. P., Biochcm. J., 1944, 88, 224. 

s KuVinau, W. W., Klin. TVoch., 1938, 17, IIG. 


fraction 1 and possibh* also fraction 2 con- 
tained another compound besides DDS. The 
original urine and fraction 1 gave 2 distinct 
bands when chromatographed from the ben- 
zene-water solvent. One of these bands, the 
upper, had the same Rp value as pure DDS. 
The other, the lower band (Rp < 0.1), was 
unlike those produced b^^ the monoaceUd de- 
rivative of DDS or 3-h3'droxj'-4,4'-diamino- 
diphenj'lsulfone or the sulfide and sulfoxide 
analogues of DDS. 

These results demonstrate that the bulk 
of the diazotizable material excreted in the 
urine following the oral administration of 
DDS to rabbits is unchanged DDS. The pro- 
cedure described also provides a ready^ means 
for determining whether a given derivative of 
DDS is metabolized to the parent substance 
or not. 

Smnmary. A method is described for the 
isolation and identification of 4,4'-diamino- 
diphenylsulfone (DDS) in the urine of rab- 
bits. The method is based on the solubiliU* 
of the h\'drochloride of DDS in water and 
the relative insolubility of the base in water 
but its ready solubilit}' in ethyl acetate. 

Up to 70^ of the total diazotizable material 
e.xcreted in the urine following oral adminis- 
tration of DDS to rabbits has been isolated 
as unchanged DDS. Not more than about 
5% of the diazotizable material maj”^ be in 
an altered form, and this probabW as con- 
jugated DDS. Partition chromatographj'^ in- 
dicated that it was not the acetjdated deriva- 
tive of DDS. 


Beccixed Harcli 17, 1949. P.S.E.B.5I., 1949, 71. 


26 


17067. Fractionation of Serum Cholesterol of Chickens.* 

J. C. Forbes, G. H. L. Dillard, W. B. Porter, and Olga Petterson. 

From JJepatimenls of Biochemistry and Medicine, Medical College of Firginia, Fichmand, Ta. 


In a recent publication^ we reported that 
only a small percentage of the total cholester- 
ol was e.xtracted from lyophilized normal hu- 
man serum by chloroform at about 5°C. The 
fraction thus extracted was designated as the 
“readily extractable cholesterol”, and extrac- 
tion was found to be complete in 3 hours. 
This fraction is very high in the serum of 
nephrotic patients and hypercholesterolemic 
rabbits, comprising in some cases apparently 
all of the serum cholesterol.^ Since athero- 
sclerosis is a common occurrence in both of 
these instances, it was felt that further studies 
on the possible significance of this fraction 
would be of value.. 

Various authors-'* have shown that sp6n- 
taneous arteriosclerotic lesions are common in 
chickens; lesions being evident in some by the 
time they reach 6 months of age. In the 
hen these lesions are found in both the elastic 
and muscular aorta, while they are normally 
confined to the muscular aorta in the rooster.® 
Since these lesions can develop while the 
cholesterol concentrations are less than 200 
mg per 100 cc of serum,® it is evident that 
the concentration of cholesterol in the plasma 
can hardly be the chief etiological factor in 

* Tills iiircstigntioii ivjis made possible through 
tlie fiiiimi'ial support of tlic Cliarlcs C. Ilaskcll & 
Co., Rielimond, Va., to ivfioin u-e are greatly 
inilelitcd. 

1 Forbes, J. C., Dillard, G. H. D., Porter, W. B., 
and Petterson, Olga, Pkoo. Soc, Exp. iIiol. and 
Med., 1948, 08, 240. 

2 Fox, H., Bull. y. r. Acad. Med., 193.9, l.'j, 74S. 

» Horliek, L., Dauber, D., and Katz, L. N., 

Am. Heart .T., 1948, 35, SG3. 

■1 Keston, H. D., Jteaker, D. R.. and Jobling, 
J. IV., Pttoc. Soc. Exp. Biol, and Med., 1P3C, 
34, SIS. 

.'Ilorlick, L., and Katz, L. IV., .1. lab. Clin. 
Med., 1948, .33, 733. 

fi Dauber, D. T., Arch. Path., 1944. 38, 40. 

7 Dauber. D. V., and Katz, L. X., Are!,. Path., 
1943, so, 473. 

sFox, ir.. in Cowlry, E. V.: .4 rf crio.selerosis, 
Xew York, Tlie Macmniaii Co., 1933, Cliap. fi. 


the development of the arterial lesions. The 
purpose of the present investigation was to 
determine the concentration of the “readily 
extractable cholesterol” fraction and neutral 
fat of the serum of old and j'oung chickens 
with the hope of obtaining some information 
which might help to explain atherosclerosis in 
the presence of relatively low concentrations 
of total serum cholesterol. 

Expcrhncnlal. Chickens of both se-\es and 
of 3 age groups 4vere studied. One group was 
3 years of age or older, another from about 
1 to 2 years and the third from 8-10 weeks 
old. The diet of the older birds is believed 
to have been mostly scraps plus some com- 
mercial feed. The young chickens received 
primarily' starter mash. In most cases the 
animals were sacrificed the day they were re- 
ceived in the laboratory', but in a few cases, 
they' were kept in an animal room and fed 
commercial laying- mash for a few days prior 
to sacrificing. Blood for analy’ses was ob- 
tained by beheading the birds and collecting 
the blood in a beaker. One-half cc samples 
of the serum w-ere ly'ophilized as described pre- 
viously.* The dried serum was extracted with 
cold chloroform at a temperature of about 
5°C for definite periods of time. The bottles 
were shaken every' 10 to 15 minutes for the 
first 3 hours and then occasionally for the re- 
mainder of the extraction period. One or 2 
bottles were filtered in the cold at different 
periods of time and the cholesterol content of 
the extract determined. The results shown in 
Tables I and II are typical of those obtained. 
For comparison, a number of results obtained 
on normal human sera are shown in Table III. 
The fraction designated as “neutral fat plus 
cholesterol" consists of neutral fat. choles- 
terol and cliolesterol esters. The method em- 
plo.ved for its determination has been de- 
scribed previously.* 

Discussion. It will be seen from the ex- 
perimental results that the "readily e.vtracta- 
ble" fraction is quite high in Die .«erum of 
old hens: the older hens behaving in this re- 
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TABLE I. 


Extraction of Choiesterol from LropliiHzfd Serum of Female Ciiic-kens. 


Xumljer 

Age 

Cliolesterol extracted in 

Total 
Choi., 
mg '7c 

Keutral fat 
-f- Cliob, 
mg% 

'3 hr, 
mg % 

24 Iir, 

mg 9c 

72 !ir, 
mg 9c 

1 

>3 vra. 

225 

009 

— 

234 

1248 

o 

>7 7 ? 

152 

16S 

— 

162 

1207 ■ 

3 

77 77 

158 

171 

— 

169 

1355 

4 

.About 3 vrs. 

200 

196 

— 

216 

2259 

o 

7 7 7 7 

115 

126 

— 

157 

14S7 

6 

7 7 77 

S3 

82 

— 

115 

847 

7 

7 7 7 7 

34 

71 

— 

275 

419 

s 

About 2 vrs. 

123 

1.36 


183 

.969 

9 

7 7 >7 

17 

IS 

— 

207 

309 

10 

•7 77 

4 

5 

— 

120 

226 

11 

About 10 wks. 

S 

12 

IS 

129 

773 

12 

7 7 7 7 

7 

11 

17 

132 

333 

13 

7 7 7 7 

16 

100 

110 

129 

232 

14 

7 7 7 7 

11 

$ 

11 

132 

387 


TABLE 1 1. 

E.xtraction of Cliolc.sterol from Lyopliilizcd 

.Serum of Male Chickens. 

Xumber 

Age 

Cholesterol extracted in 

Total 
am).. 
mg 9c 

Xentral fat 
-f 0)01., . 
mg 9c 

’ 3 hr. 
mg 9c 

24 hr. 
mg 9c- 

72 hr. 
mg % 

1 

>3 vrs. 

7 

9 

9 

117 

234 



11 

1.3 

17 

136 

2S1 

3 

7 7 7 7 

1.3 

67 

126 

I3S 

235 

4 

7* 77 

8 

7 

6 

128 

310 

5 

.About 3 vrs. 

7 

8 

in 

345 

202 

6 

About 2 yrs. 

7 

9 

12 

94 

2.10 

7 


17 

72 

145 

202 

437 

8 

About 1 yr. 

7 

0 

7 

339 

303 

0 


8 

6 

12 

139 

249 

10 

About 10 uks. 

9 

11 

28 

344 

258 

11 


16 

16 

32 

147 

21s 

12 

77 77 

15 

110 

107 

141 

303 

13 


8 

12 

18 

329 

773 

14 

7 7 77 

11 

11 

63 

113 

387 


gard very similar to the nephrotic patient, 
or the hv-percholesterolemic rabbitd Roosters, 
both old and young, as well as young female 
chickens, showed a low value for this fraction, 
but in some cases the amount extracted in- 
creased with increased e.xtraction time. We 
have obtained a similar increased extraction 
with increased extraction time in a few ap- 
parently normal human subjects as well as 
in a considerable number of patients. The 
reason for this deviation from the average 
normal is unknown, but preliminarx' experi- 
mental work with roosters indicates that it is 
probably dependent upon dietary composition. 

It will be noted that old hens showed, on 
the whole, a much higher level of serum fat 


than did old roosters or young chickens. 
There also appears to be some correlation be- 
tween the percentage of the cholesterol present 
in the “readily extractable" form and the neu- 
tral fat content of the serum, especially in the 
case of the old hens. Dauber and' Katz" 
have emphasized the close similarity between 
the lesions produced by the administration of 
cholesterol to roosters and the spontaneous 
lesions in old birds, described by Fox.® They 
also have pointed out their dissimilarity from 
those which usually occur in roosters. The 
possible significance of the concentration of 
the “readily e.xtractable" cholesterol as an 
etiological factor in the development of the 
lesions found in old hens and cholesterol-fed 




Acetaldehvoe Disappearance and 

TABLE III. 

Extraction of Cliolesterot of LyopIiEized 

Acetoin Formation 

ICormal Human Serum. 




Cholesterol extracted iu 





'3 lir, 
iug% 

21 lir, 
mg % 



^ 

Total 

Kcufra! fat 

Subject 

27 Iir, 96 lir, 

mg % mg % 

Choi., 
mg % 

-1- Ohol., 

' mgfe 

A.L.P. 

20 

20 

25 


2^7 


D.F.M. 

C.J.E. 

30 

28 

31 

25 

35 

27 

— - 

322 

270 

oil 

A.P, 

22 

22 

20 



220 

101 

D.F. 

22 

29 

28 



240 

.594 

A.B. 

30 

00 

28 



2S6 

392 

K.K. 

20 

20 

21 

23 

215 

533 

G.W.J. 

22 

27 

27 

3S 

272 


E.B. 

31 

38 

37 

35 

ojro 


G.C. 

37 

37 

42 

13 

331 

705 

E.E. 

27 

42 • 

55 



207 

027 

L.S. 

30 

70 

102 



233 


jr.D. 

21 

24 

32 

— 

210 

305 


chickens is being investigated. 

Although the data which have been present- 
ed are not sufficient to enable one to draw 
conclusions ,as to the physical state in which 
cholesterol exists in serum, they do indicate 
that it probably exists in at least three states 
not related to the usual classification of free 
and ester cholesterol. These are (a) a frac- 
tion not extracted by chloroform under the 
conditions used; (b) a fraction which is readi- 
ly extractable by chloroform, a ,3 hour ex- 
traction period being adequate for its com- 
plete extraction; and (c) a fraction which is 
slowly extractable. We believe that (a) 
possibly represents cholesterol which is held 
firmly by the serum proteins, while (b) pos- 
sibly represents cholesterol which is free in 
the serum or which is associated with other 


lipid materials such as fats and phospholipids. 
Our experimental evidence indicates that all 
the fractions contairi both free and ester 
cholesterol. 

Summary. A large percentage of the choles- 
terol of lyophilized serum from old hens is 
present in the “readily extractable” fraction. 
The concentration of this fraction in the 
serum of roosters and young chickens is quite 
low but, in some cases, the amount extracted 
increases with increased extraction time. 
There appears to be a correlation between the 
percentage of the total cholesterol present in 
the “readily extractable” fraction and the neu- 
tral fat content of the serum of old hens. 


Kcceircd Jl.nreli 22, 1919. P.S.E.B.lt., 1949, 71. 


17068. Acetaldehyde Disappearance and Acetoin Formation in vitro. 

W. W. Westekfeld. 

From Department of DiocJicmisln/, Sitracuse University CoUefte of J/erJirine, Sj/rnciisr, . r. 


The presence of a diphosphothiamin enzyme 
in animal tissues capable of forming acetoin 
from pyruvate, and the utilization of acetalde- 
hyde as a substrate in this reaction, has been 
described.^ A limited s tudy of this reaction, 

“ * Aided by a grant from the Kutrition Foui.d.n- 
fion, Inc. 


in brain homogenate was reported previously 
The present study was devoted to a compari- 
son of the abilities of various tissues to meta- 

1 Grera, V. E., "Wcsferfcld, W. W., Vcnnesl.md, 
B., and Knox, W. E., .1. tJioI. Chrm., 1912, l-l.-;, 09. 

e Stotz, K., Wostorfcld, W. W., .and Borp, K. h., 
J. DM. C/irm., 1911, J-~2, 11. 
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TABLE I. . , . . 

Acetaldehyde Disappea rance and Acetoin Formation in Vitro Tritli Bat Tissncs. 

Brain Leg muscle Liver 


'i r > 


Substr-atc 

Jlicroinols 

adfleil 

AcH 

disapp., 

7 

Acetoin 

formed, 

7 

AcH 

disapp., 

7 

Acetoin 

formed, 

7 

AcH 

disapp., 

7 

Acetoin 

formed, 

7 

None 



71* 

36* 

71 

69 

144 

21 

Pyruv.'ite 

3 

93» 

95* 

124 

164 

142 

37 

Giiicose 

6 

92i 

loot 

68 

76 

144 

23 

a-Ketoglutarate 

6 

89 

67 

125 

124 

140 

0 

Lactate 

12 

73 

58 

64 

73 

142 

0 

-Alanine 

12 

75 

58 

69 

71 

141 

0 

Pliosplioglycerafo 

6 

70 

.50 

96 

107 

143 

0 

Citrate 

6-100 

71 

2S 

47 

37 

147 

0 


* Approximately the same results were obtained in oxygen and nitrogen. 

t Approximately the same results were obtained in oxygen; in nitrogen the acetaldehyde disap- 
pearance was similar but the acetoin formation was only 46 y. 

The reprodueibilit}' of the results is indicated by the following data for 11 experiments with rat 
brain in the absence of substrate. Acetaldehyde disappearance: mean =: 71, S.D. = 10.3, S.E. — 3,1, 
range = 57-88. Acetoin formed: mean — 36', S.D. =r 3.3.5, S.E. =: 1.07, range = 31-42. The effect of 
each substrate was compared with a simultaneous control in 2 or more experiment.s. 


bolize acetaldehyde and form acetoin. and to 
the effect of added substrates upon these re- 
actions. 

Methods. To a Warburg vessel were added 
1 cc of tissue homogenate in saline containing 
250 mg of fresh tissue, 1.5 cc of 0.1 M phos- 
phate buffer, pH 7.4, 20 y diphosphothiamine 
in 0.1 cc ivater, 0.2 cc of water or substrate 
solution, and 0.3 cc of 0.05% acetaldehyde in 
the side arm. .After 10 minutes equilibration 
at 37.5°C, the acetaldehyde was tipped in and 
shaken for 1 hour. A tungstic acid filtrate of 
the contents of the cooled flask was then pre- 
pared and analyzed for the acetaldehyde re- 
maining* and the acetoin formed.’’ Mechani- 
cal and volatilization losses were small in the 
absence of tissue. 

Results. Some of the results with rat 
tissues are shown in Table I. Brain and 
muscle breis removed acetaldehyde at about 
the same rate, but muscle formed twice as 
much acetoin as brain. Kidney brei in the ab- 
sence of added substrate was similar to brain. 
Liver metabolized acetaldehyde at a much 
faster rate, but formed little acetoin. Corres- 
ponding results were previously obtained in 
vivo” where large amounts of acetoin were 

3 Stofz, E., J. Bint. Clirm., 585. 

■1 Wi’stcrfcld, tv. tv., ,7. Jliol. Chem., 1945, Ifil, 
495. 

•'Lubin, tr., and tVcstcrfcId, tV. tV., J. Biot. 
Chem., 1045, 101, 503. 


formed from acetaldehyde only' when the 
dominant role of the liver in acetaldehyde 
metabolism was eliminated by hepatectomy. 

The addition of pyruvate, or other sub- 
strates capable of forming pyruvate in the 
brei, increased both the acetaldehyde disap- 
pearance and the acetoin formation. Pyruvate 
and a-ketoglutarate gave large increases with 
both brain and muscle; glucose was also very 
effective in brain, but not muscle, w’hile phos- 
phoglycerate stimulated the reaction some- 
what more in muscle than in brain. In liver, 
acetoin formation disappeared completely in 
the presence of most substrates. 

Other results obtained with 6-12 micromols 
of substrate added to brain were: significant 
increases (30-60% ) in acetoin formation from 
glycogen, lactate, alanine, phosphoglyxerate 
and malate; minor increases (10-25%) from 
succinate, fumarate, glucose-I-phosphate, fruc- 
tose and glycerol phosphate; no effect from 
butyrate, acetate, propionate, citrate, gluta- 
mate, cis-aconitate, galactose and glycerol. 
-Anesthetization of the rat with nembutal or 
the addition of nembutal in vitro did not 
affect the reaction in brain tissue. The addi- 
tion of 0.5 mg methylene blue to brain tissue 
increased the acetaldehyde disappearance 50% 
and the acetoin formation by 150%, WTien 
added together with pyruvate or glucose, 
methylene blue increased both the acetalde- 
hyde disappearance and acetoin formation be- 
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-'\CETALDEHYDE DISAPPEARANCE AND ACETOIN ’ FORMATION 

TABLE HI. 

Extraction of Cholesterol of Lj'opliilized Normal Human Scrum 




Cholesterol extracted in 






24 hr, 


— ^ 

Total 

Neutral fat 


3 hr, 

27 hr. 

96 hr, 

Choi., 

-h Ciiol., 

Subject 

mg% 

mg 7o 

mg % 

mg % 

mg 7c 

mg 7c 

A.L.F. 

20 

20 
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chickens is being investigated. lipid materials such as fats and phospholipids. 

Although the data which have been present- Our experimental evidence indicates that all 
ed are not sufficient to enable one to draw the fractions contain both free and ester 
conclusions ,as to the physical state in which cholesterol. 

cholesterol exists in serum, they do indicate Summary. A large percentage of the choles- 
that it probably exists in at least three states terol of lyophilized serum from old hens is 
not related to the usual classification of free present in the “readily extractable” fraction, 
and ester cholesterol. These are (a)' a frac- xhe concentration of this fraction in the 
tion not extracted by chloroform under the serum of roosters and young chickens is quite 
conditions used; (b) a fraction which is readi- in some cases, the amount extracted 

ly extractable by chloroform, a 3 hour ex- increases with increased extraction time, 
traction period being adequate for its com- There appears to be a correlation between the 
plete extraction; and (c) a fraction which is percentage of the total cholesterol present in 
slowly extractable. We, believe that (a) the "readily extractable” fraction and the neu- 
possibly represenfs cholesterol which is held tral fat content of the serum of old hens. 

'firmly by the serum proteins, while (b) pos- - 

sibly represents cholesterol which is free in Receired Jr.-irch 22, 1949. P.S.E.B.M., 1949, 71. 
the serum or which is associated with other 


17068. Acetaldehyde Disappearance and Acetoin Formation in vitro. 

W. W. Westerfeld. 

From Department of Dioclicmistry, Syracuse University Coilcyc of lletliciue, Syracuse, j\. r. 


The presence of a diphosphothiamin enzyme 
in animal tissues capable of forming acetoin 
from pvruvate, and the utilization of acetalde- 
hyde as a substrate in this reaction, has been 
described.^ A limited study of this rea ction, 

* Aided by a grant from the Nutrition Founda- 
tion, Inc. 


in brain homogenate was reported previously .- 
The present study was devoted to a compari- 
son of the abilities of various tissues to meta- 

1 Green, D. E., Wcstcrfeid, W. TV., Vennesiand, 
B., and Eno-T, W. E., J. DM. Chcm., 1942, 145, 09. 

2 Stotz, E., Westerfeld, W. W., and Berg, H. B., 
J. DM. Chcm., 1944, 152, 41. 
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penicillin. L type cultures were not obser\'ed 
in any of these plates. However, from one 
earth sample a large Gram positive bacillus 
was isolated which, when transplanted on 
penicillin plates, produced pleomorphic forms 
and tiny L type colonies. Neither the first 
nor the second Gram positive bacillus pro- 
duced spores. 

These Gram positive bacilli probably origin- 
ated from the soil in which pleuropneumonia- 
like organisms are often present. Thus a con- 
tamination of the cultures with such organ- 
isms must be considered. Usually it is diffi- 
cult to exclude this possibility and to prove 
that the L form grow from the bacilli. The 
needed proof was obtained with a third Gram 
positive bacillus. This bacillus produced 
spores and the L form grew in the same man- 
ner from the heated spores as from the original 
culture. This observation, while it excludes 
an accidental contamination of the cultures, 
does not prove in itself that the L cultures 
represent a changed growth form of the bacil- 
lus. They could be parasites of the bacilli and 
Klieneberger,^ for example, even at present 
prefers this hjT3othesis. In the opinion of the 
author the evidence in the case of Gram nega- 
tive bacilli-"* supports the conception that 
the L forms and the bacilli are growth forms 
of the same organism. 

The third Gram positive rod was obtained 
from a thioglycollate broth inoculated from a 
wound. Growth in the first subculture de- 
veloped onl\' anaerobically, and on further sub- 
cultures also anaerobic growth was more abun- 
dant than aerobic. The colonies on blood agar 
plate incubated aerobically were flat and 
slightly irregular, and after a few days the 
culture spread as a thin film on the surface of 
the medium. Large elongated spores, usually 
at the ends of the rods, developed abundantly. 
A distinguishing property of the bacillus was 
its tendency to swell into large pleomorphic 
forms. Some of the bacterial threads spread- 

1 Klieneberger-Nobcl, E., J. Ilygicnc, 1P4S, 45, 
407. 

- Dienes, L., Co\d Spring Harbor Symposia 
Quant. Sinl., 1947, 11, 51. 

0 Dienes, L., ,T. Hacteriology, 1948, 50, 445. 

4 Dienes, D., J. Bacteriology, 1949, in press. 


ing on blood agar plate autolyzed and disinte- 
grated and the fragments swelled into small 
and large round forms. In thioglycollate 
broth some of the rods grew to large size and 
became markedlj’^ swollen aroimd the develop- 
ing spores. This tendency to form round 
bodies is rarelj^ observed in - Gram positive 
rods. Exact identification of saprophj-tic 
strains is difficult and has not been attempted. 
However, the development of spreading 
growth on the surface of the agar under aero- 
bic conditions and the formation of acid with- 
out gas in various sugars makes it probable 
that it belongs to the genus Bacillus. 

A thioglycollate broth culture of this strain 
was planted on soft agar plates containing 
10% horse serum and 400 units of penicillin 
per cc. The plates were made anaerobic us- 
ing Fortner’s technic.^ Use of a similar me- 
dium permitted isolation of L hT^e colonies 
from various Gram negative bacilli.^-"* The 
development of the third strain on this medium 
was similar to that of Gram negative bacilli 
which produced L type colonies. Many ba- 
cilli swelled within a few hours into large flat 
round bodies. From these tiny colonies de- 
veloped which grew best in transplants on 
soft nutrient agar plates without serum. The 
tin\' colonies on the original penicillin plates 
and in the subcultures are illustrated in the 
photographs. Their appearance and mor- 
pholog}’’ were similar to the Li and to the 
other L type colonies obtained from Gram 
negative bacilli. The colonies grew into the 
medium and consisted of soft fragile cells 
which were often very small and had the 
tendency to swell into large bodies. 

In order to determine whether L cultures 
can be obtained from heated spores, well- 
sporulated broth cultures were sealed in thin 
glass tubes and immersed in 4vater at 85°C for 
10 minutes. (Previous e-xperiments had shown 
that the spores were killed in boiling water). 
The heated spores when transferred to peni- 
cillin plates produced no growth. Broth cul- 
tures of bacilli obtained from the heated 
spores produced L tj-pe colonies on penicillin 
plates as the original cultures. 

** Dienes, L., and Smith, tV. E., J. Bacteriology 
1944, 48, 125. 
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yond that obtained with either methylene blue 
or the substrate alone. 

It is reasonable to suppose that the in- 
creased acetoin formation in the presence of 
added substrate represented an increased 
amount of pyruvate available for condensa- 
tion with the excess acetaldehyde. The inef- 
fectiveness of other members of the citric 
acid cycle, as compared with a-ketoglutarate, 
the effect of glucose in brain as compared 
with muscle, and the comparison of glucose 
with fructose or glucose-l-phosphate are note- 
worthy considerations in an}’’ interpretation of 
these results. 

Further studies on the disappearance of 
acetaldehyde in liver brei were made with 0.3 
cc of 0.15% acetaldehyde in the side arm. 
Rat liver removed about 200 y acetaldehyde 
during the incubation; added glucose had no 
effect. Small increases (10%) in the amount 
removed resulted from the addition of pyru- 
vate, lactate or alanine. 100 of citrate or 
O.S mg methylene blue increased the acetalde- 


hyde disappearance by 25% and 40%. Dog 
liver gave similar' results except that methy- 
lene blue had no effect. The methylene blue 
effect in rat liver as contrasted with dog liver 
is possiblj'^ related to the presence of xanthine 
oxidase in rat liver only; methylene blue stim- 
ulates aerobic oxidation bj'- xanthine oxidase. 

Summary. In agreement with previous in 
vivo studies, liver homogenate metabolized 
acetaldehyde more rapidly than other tissues 
and without the formation of much acetoin. 
Methylene blue stimulated the aerobic meta- 
bolism of acetaldehyde in rat liver but not 
dog liver. 

Skeletal muscle formed more acetoin from 
acetaldehyde than did brain or kidney. Pyru- 
vate, a-ketoglutarate and phosphoglycerate in- 
creased the acetoin formation from acetalde- 
h)'de by muscle; p 3 'ruvafe, a-ketoglutarate and 
glucose were effective stimulators of acetoin 
formation in brain. 


Keceired February 25, 1949. P.S.E.B.JI., 1949, 71. 


17069. Isolation of an L Type Culture from a Gram Positive Spore-Bearing 
Bacillus.*' 


L. Dienes. 

From the Department of Fathology a/id Bacteriotogy, Massachunctts Dnternl llos;>i(n!, and the 
B. TT. Lovett Memorial, Harvard Medical School, Boston, Mass. 


During the last 10 years L type cultures 
have been isolated from many Gram negative 
bacilli. The author tried repeatedly to apply 
to Gram positive bacilli the methods which 
proved successful in Gram negative species. 
Success was obtained first in the summer of 
1948 wdth a Gram positive bacillus isolated 
from a contaminated blood culture. The broth 
cultures of this bacillus were pleomorphic. 
After 24 - 48 hours of incubation almost all 
bacilli swelled to round bodies as in the cul- 

* Tbo expenses of tlus investigation Imve been 
defrayed in part by a grant from tbe Coninion- 
rvcaltli Fund. 

This is publication Ko. 106 of tlie Eobert 
Lovett ilcmorial Foundation for the study of 
crippling disease. 


tures of some Bacteroides strains. This pleo- 
morphic culture transferred to media of vari- 
ous compositions produced onh' bacterial 
growth, but when a penicillin cup was placed 
on soft horse-serum agar plates and the plates 
w-ere incubated anaerobically, a few micro- 
scopical L tjTie colonies developed near the 
edge of the zone of inhibition. Growth of 
these tiny colonies in pure culture was ob- 
tained by cutting out a block of agar con- 
taining the colonies and transferring it to 
horse serum agar containing 400 units of peni- 
cillin per cc. The colonies grew without 
difficulty in subsequent subcultures. 

Following this observation several samples 
of dust and earth were planted on similar 
plates containing varj'ing concentrations of 
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L colonies grew easier in subculture. Among 
the descendants of the colony which was least 
susceptible to the influence of penicillin, only a 
few bacilli swelled to large form when their 
growth was inhibited by penicillin and only a 
few L type colonies were produced, A similar 
individual behavior of different strains be- 
longing to the same species has been noted 
in all species which produce L colonies, but 
the differences are usually apparent only be- 
tween strains of different isolation. 

The L type cultures obtained from Gram 
positive bacilli differ -from each other and 
from those obtained from Gram negative ba- 
cilli in many respects, although their funda- 
mental morphology and structure of the 
colonies conform to those of the pleuropneu- 
monia group. The colonies obtained from the 
two bacilli mentioned first remained very 
small (10-20 /t) on the original plates and in 
the early transfers stained poorly with methy- 
lene blue. After several transfers they grew 
more abundantly. They grew equally well 
with or without horse serum in the medium. 
The hardness of the agar played an impor- 
tant role in their growth. In the absence of 
horse serum growth developed only on hard 
agar plates containing 1.5%-2% of agar. If 
the agar was softened by the addition of equal 
amounts of broth, it did not support their 
growth. Soluble starch markedly improved 
growth, while glucose, maltose, sucrose and 
penicillin exerted no influence. The colonies 
continued to increase in size for a period of 
two rveeks. No growth could be obtained in nu- 
trient or thioglycollate broth, although the 
colonies transferred with a block of agar into 
the broth continued to increase in size on the 
agar. In morphology these cultures were quite 
similar to the filterable strains isolated from 
sewage by Laidlow and El ford.® The cultures 


consist of very small (0.3-0.5 ;x), fragile coc- 
coid and bacillary forms and they swelled only 
to moderate size on the surface of the colonies. 
The strains of Laidlow and Elford grow 
abundantly in broth and aerobically on nutri- 
ent agar. In this respect they differ consid- 
erably from ours. 

Young colonies of the L strain isolated from 
the third spore-bearing bacillus were more 
.similar in appearance to the L cultures iso- 
lated from Sfrcplobacillus monHijonnis and 
Bacteroides and consisted of similar organisms. 
If the colonies were well spaced, they in- 
creased in size for .several weeks extending as 
an opaque mass below the surface of the agar 
reaching the size of 1-2 mm. They grew best 
on nutrient agar in the absence of horse :serum^ 
In contrast to the other two strains growth, 
developed only on soft agar plates and was 
inhibited by the usual concentration of agar. 
Sucrose seemed to favor their growth but its 
effect was not marked; starch exerted no in- 
fluence. No growth was obtained in nutrient 
or thioglycollate broth. The original bacil- 
lary forms have not been recovered thus far 
from any of the three L cultures isolated from 
Gram positive bacilli. 

Summary. Colonies similar in appearance 
and properties to the L tjqie colonies of Gram 
negative bacilli were isolated from cultures of 
several large Gram positive bacilli. The L 
type colonies obtained from a spore-produc- 
ing strain grew equally well from cultures ob- 
tained from heated spores as from the original 
culture, indicating that the L type colonies 
grew from the bacilli and were not an ac- 
cidental contamination of the culture. 

c Laidlow, P. P., and Elford, W. J., Proc. Poy. 
.Soe. London B., 1030, 120, 2D2. 

Received February 7, 1949. P.S.E.E.lt., 1949, 71, 
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Pig. 1. 

1. Bacilli from a broth culture. Slightlv stained udth crystal violet. (X 

2000 .) 

2. Culture with spreading grorvth on aerobic blood agar plate. (X 0.) 

3. Tiny colonies on penicillin plate after 5 days' incubation. (X 2.) 

4. Tiny colonies from a subculture on a soft nutrient agar plate. Unstained, 

(X 100.) 

5. A colony similar to those in Photograph 4 stained with incthylono blue 

on the surface of the agar, (x 100.) 

0. Large bodies in the periphery of a tiny colony stained with methylene 
blue, (X 2000.) 


It was interesting to observe the develop- 
ment of the cultures when a soft agar plate 
was inoculated with heated spores and 100- 
500 units of penicillin was deposited in a small 
trough made in the agar. The plates were 
incubated anaerobically. No growth develop- 
ed in a wide area around the penicillin trough. 
The penicillin diffused in this area before the 
spores germinated. Many tiny colonies de- 
veloped in the adjoining zone. Here the spores 
terminated and the young vegetative cells 
were exposed to the diffusing penicillin. The 
tinv colonies consisted of large round forms 
produced by swelling of the vegetative cells 
and many L colonies began to grow from these 
larte forms. Further away from the peni- 
cillin trough the usual bacillar)’' colonies de- 
veloped. ’ The observations reported indicate 


that L forms were not cultivated directly from 
the heated cultures. They apparently survive 
with the bacteria and develop under appro- 
priate conditions from the vegetative cells. The 
L strains isolated from the second and third 
bacilli were tested for heat resistance. Heat- 
ing of the cultures for 15 minutes at 60'’C 
destroyed their viability. 

It is of interest also that descendants of 
single bacillary colonies varied considerably in 
their tendency to produce L type colonies 
and in the viability of these, colonies. In one 
experiment 4 colonies were piched from a 
culture of bacillus No. 3 on a blood agar plate. 
Marked differences persisting in subculture 
were present among the descendants of these 
colonies. The descendant of one produced 
more L t\T>e colonies than the others and the 
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Comparable groups of chicks having hemo- 
globin values ranging from 2 to 4 g % were 
then arranged. Experimental treatments were 
followed b\' determining hemoglobin levels at 
2 to 4 day intervals, using the alkaline oxy- 
hemoglobin method® as adapted for the Eve- 
lyn colorimeter.® Blood samples were taken 
directly by puncture of a wing’ vein. 

Dosages of phenylhydrazine hydrochloride 
from 1 to 6 mg per 100 g body weight were 
tested. 2.0 mg was selected as the smallest 
dosage which caused a suitable decrease in 
hemoglobin level within 2 days. It was also 
observed that a rapid return to normal hemo- 
globin level occurred if the ration contained 
adequate folic acid. The hemoglobin level 
of normal chicks dropped to about 5 g % 
within 2 days after the injection of phenyl- 
hydrazine hydrochloride. Three to 4 days 
following this anemic condition, their hemo- 
globin level had returned to normal. Con- 
sequently, small amounts of folic acid must 
be given to the folic acid depleted, anemic 
birds to prolong the period of recovery so that 
differences in rate of hemoglobin regenera- 
tion can be measured. 

Experiment 1. Four groups of deficient 
chicks, having hemoglobin values of 2 to 4 
g %, were selected on the 16th day (2 days 
following the injection of 2.0 mg of phenyl- 
hydrazine hydrochloride per 100 g body 
weight). Six chicks were used in each group 
and no losses occurred during the following 
treatments (1) control group, untreated, (2) 
liver extract (Lilly, reticulogen, 20 U.S.P. 
units per cc), 1 unit per bird, injected, (3) 
folic acid, 20 y per bird, injected, (4) liver 
extract, 1 unit per bird and folic acid, 20 y 
per bird, injected. The dosages were given 
on the 16th, 18th and 20th days. 

The changes in the hemoglobin values 
following the above treatments are shown in- 
Fig. 1. Liver extract alone did not influence 
the rate of hemoglobin regeneration. By the 
24th day, the hemoglobin values of the groups 
receiving folic acid and folic acid in com- 
bination w'ith liver extract had returned to 

s Dmbkin, D. L., .nnd .\ustin, J. II., J. Biol. 
Chrm.. 1932, 08, 719. 

!> Kvclyii, K. A., ,T. Biol. Chem., 1930, 1 15, 03. 



Rate of Hemoglobin Eegeneration in Anemic 
Chicks. 

Tlic control group -was untreated. In the other 
groups each bird received; LE — 1 unit liver ex- 
tract; PGA — 20 7 folic acid; HE -f- PGA — 1 unit 
liver extract and 20 y folic acid, injected on the 
ICtli, 18tli, and 20th days. 

normal and did not differ significantly from 
each other. The least significant difference 
between treatments on the 24th day was 
1.23 g %. 

Exp. 2 The pattern of Exp. 2 was similar 
to that used in Exp. 1 except that the deple- 
tion period -was extended to 21 days before 
injection of phenylhydrazine hydrochloride. 
Pteroylheptaglutamic acid and pteroyltriglu- 
tamic acid were tested at equimolar dosage to 
pterojdglutamic acid (PGA). All of the 5 
chicks used in each test group survived. 

As shown in Fig. 2, liver extract alone did 
not increase the rate of hemoglobin regenera- 
tion. PG.A alone did. The triglutamate and 
heptaglutamate forms were as active as PGA. 
Liver extract with folic acid resulted in more 
rapid regeneration of hemoglobin than was 
observed on folic acid alone. -A significant 
difference in the average hemoglobin values 
of these two groups was noted on the 29th day 
and again on the 31st and 33rd days. The 
least significant difference between treatments 
by the 33rd day was 1.27 g fo. 

Exp. 3. Chicks were depleted for 24 daj-s 
on a folic acid deficient, purified ration in 
which sucrose was used as the source of car- 
bohydrate. In addition to the treatments 
used in Exp. 1 and 2, pure vitamin Bjo -;vas 
tested atone and in combination -with folic 
acid. In the control group, 5 of the 8 birds 
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17070. Effect of Folic Acid, Liver Extract, and Vitamin 6,0 on Hemoglobin 
Regeneration in Chicks.* 

C. A . Nichol, a. E. Harper,! and C. A. Elvehjem. 

From the Dcimrlmeni of Sioehcmistrij, Collef/e of At/riculUtrc, UniveraHi/ of ITwcon.tin, 

Madison, Wis. 


No change in. the blood hemoglobin level 
has been found to accompany the growth re- 
sponse of chicks to the injection of antiperni- 
cious anemia (.^PA) liver extracts^ or vita- 
min Bi 2- when fed a corn-soybean oil meal 
basal ration containing adequate folic acid. 
The importance of folic acid for hemoglobin 
regeneration has been demonstrated with ex- 
perimental anemias in several different species 
showing anemia and in the therapy of hu- 
man macrocytic anemias. APA liver extracts 
hsive been found to be ineffective for the cure 
of anemia induced by folic acid deficiency in 
the chick®'-* and in the rat.® Data presented 
here, based upon the rate of hemoglobin re- 
generation after production of a severe, chem- 
icallj’-'induced anemia in folic acid depleted 
chicks, show that liver extracts or vitamin Bjo 
are ineffective in increasing the rate of hemo- 


* Published with the approval of the Director 
of the Wisconsin Agricultural Experiment Station. 
Supported in part by funds supplied by the Com- 
mercial Solvents Corporation, Terre Haute, Ind., 
and by Swift and Company, Chicago, III. 

We are indebted to Merck and Co., Inc., Bali- 
way, N. J., for pure vitamin Bjo and for crystal- 
line vitamins; to the Lederle Laboratories Divi- 
sion, American Cj-anamid Co., Pearl Hiver, N. Y., 
for pteroytglutamic acid and pteroyltriglutamic 
acid; to Parke, Davis and Co., Detroit, Mieh., for 
pteroylheptaglutauiic acid. 

t Present address: Department of Biochemistry, 
University of Alberta, Edmonton, Cauada. 

1 Nichol, C. A., Eobblce, A. B., Cravens, W. W., 
and Elvelycm, G. A., J. Biol Chem., 1947, 170, 
419. 

2 Nichol, C. A., Dietrich, L. S., Cravens, W. W., 
and Elvehjem, C.- A., Pnoc. Soc. Exp. Bion. and 
Med., 1949, 70, 40. 

3 O’Dell, B. L., and Hogan, A. G., J. Biot. 
Chem., 1943. 140, 323. 

t.Stokstad, E. L. K., and Jukes, T. H., Proc. 
Soc. Exp. Biod. .v.xd Med., 1946, 62, 112. 

a Kodieek, E., and Carpenter, K. J., Biochem. J., 
1948, 43, Proc. Biochem. Soc., i. 


globin formation when given alone, but show 
a stimulatory effect when given with folic acid. 

Experimental. Straight-run (New Hamp- 
shire J'J' X Single Comb White Leghorn J?) 
crossbred chicks which were the progeny of 
hens fed diet B-1 described previously® were 
used in all studies. The chicks were housed 
in electrically heated batteries with raised 
screen floors. Feed and water were supplied 
ad libitum. The chicks were uing-banded 
when one day old. Weights were recorded at 
weekly intervals during the depletion period. 

•\11 chicks received a folic acid deficient 
purified ration containing dextrin 61, alcohol- 
extracted casein 18, gelatin 10, salts V 6,' soy 
oil 5, 1-cystine 0.3, and fortified haliver oil 
(60,000 U.S.P. units of vitamin A, 6,000 A. 
O.A.C, units of vitamin D3 per g) .04 g; thia- 
min 0.3, riboflavin 0.6, nicotinic acid S.O, pyri- 
doxine 0.4, calcium pantothenate 2.0, biotin 
0.02, choline chloride 150, inositol 100, 2- 
methyl- 1, 4-naphthoquinone O.OS and a-toco- 
pheroJ 0.3 mg. 

Chicks fed the folic acid deficient, purified 
ration developed a slight anemia in 14 to 24 
days. Hemoglobin levels varied widely, but 
the decrease averaged 1 to 2 g below normal. 
.At the end of this depletion period a single 
intramuscular injection of phenylhydrazine 
hydrochloride (2.0 mg per 100 g body weight) 
was given. Severe anemia developed within 
2 days (Hb range, 1-5 g %). Reagent grade 
phenylhydrazine hydrochloride was treated 
with charcoal and recry'^stallized from hydro- 
chloric acid solution. -An aqueous solution 
(W mg per cc) -ivas injected into the pectoral 
muscle using a 1 cc calibrated hyTiodermic 
syringe. 

6 EobbleerA C. A., Cravens, W. W„ 

Elvelijem, C. A., and Hatpin, J. G., Poultry Sci., 
1948, 27, 442. 

V Briggs, G. JI., Jr., Luckey, T. D., Eivelijem, 

C. A., and Hart, E. B., .7. Biol. Chem., 1943, 148, 
163. 
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of hemoglobin regeneration following treat- 
ment with liver extract and folic acid was 
significantly greater than the rate observed 
following treatment with an equal dosage of 
folic acid alone. Less than 1 •/ of folic acid 
was present in the 1 U.S.P. unit of liver ex- 
tract injected. The component causing the 
stimulation of hemoglobin regeneration in the 
presence of folic acid appears to be vitamin 
Bi2. 

The metabolic interrelationship between 
folic acid and vitamin Bis is still obscure. 
Since in the anemic chicks, folic acid alone 
in large amounts will bring about rapid and 
complete return to normal hemoglobin level, 
the observed stimulation of hemoglobin re- 
generation may be due to an indirect action 
of vitamin Bia which makes more folic acid 
available to the animal organism. Vitamin 
Bi 2 may also act directly in the normal 
mechanism of hemoglobin formation. This 
is implied by the activity of vitamin B 12 in 
cases of pernicious anemia. The chicks used 
in these studies, like those used for the growth 
assay of vitamin B 12 ,- were depleted by con- 
trol of the hen’s diet. Under the special con- 
ditions described, the stimulation of hemo- 
globin regeneration may be a demonstration 
of the direct role of vitamin B ]2 in the 
mechanism of hemoglobin formation. This 
work emphasizes that folic acid and vitamin 
Bi 2 may have distinct and separate functions 
and indicates that vitamin Bu' does not have 
optimum activity unless folic acid is present 
in adequate amounts. 

The effectiveness of the technic is demon- 
strated by the similar response to the three 
forms of folic acid shown in Fig. 2. In each 
e.xperiment, analysis of variance was applied 
on the last day. This is a more severe test 
of significance, since individual variation be- 
comes greater as the interval following treat- 
ment increases. For example, in experiment 
2 the least significant difference between 
treatments on the 31st day was 1.05 g % 
hemoglobin. By the 33rd day the least sig- 


nificant difference had increased to 1.27 g %. 

Phenylhydrazine hydrochloride is used in 
the therapy of polycythemia vera. The 
anemia induced is due to hemolysis of the ma- 
ture red blood cells, but the mechanism is not 
known.’® Yeshoda and Damodaran” used 
a phenylhydrazine induced anemia'in rats in a 
study of the influence of tryptophan on hemo- 
globin formation. The application of this 
technic to folic acid depleted chicks increases 
the range over which differences in hemoglobin 
levels can be measured and permits selection 
within narrow limits of comparable groups of 
chicks having a severe anemia. 

Sutitmary. A severe anemia was induced 
in chicks by the intramuscular injection of 
phenylhydrazine hydrochloride (2.0 mg per 
100 g body weight) following a depletion 
period on a folic acid deficient purified ration. 
Chicks were selected within narrow limits 
(2-4 g Hb) and arranged into comparable 
groups to study the effect of folic acid, liver 
extract and vitamin B 12 on the rate of hemo- 
globin regeneration. 

Liver extract alone did not influence the 
rate of hemoglobin formation. When the de- 
pletion period was 21 days or longer, the 
combination of liver extract and folic acid 
caused a more rapid regeneration of hemo- 
globin than treatment -with a similar dosage 
of folic acid alone. Pure vitamin B 12 com- 
pletely replaced liver extract in stimulating 
the formation of hemoglobin in the presence 
of folic acid. 

The .authors express apprcei.ation to Dr. W. W. 
Cravens, Poultry Department, University of ‘Wis- 
consin, and Dr. A. K. EohWee, Poultry Depart- 
ment, University of Alberta, for tlieir cooperation. 

10 Sollm.ann, T., A Stanual of Pharmacology, 
W. B. Saunders Co., Pliiladelphia and London, 
1942, Gth cd., GGG. 

11 yeshoda, K. ^[., and Damodaran, St., Bio- 
rhrm 1947, 41, 3S2. 


Jlcccived March 24, 1949. P.S.E.B.M., 1949, 7J. 
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Pig. 2. 

Sate of Hemoglobin Segencration in Anemic Chicks. 

The control group was untreated. In tlie other groups 
each bird received.- I/E — 1 unit liver e.vtract injected on 
tiie 23rd, 25th, and 27th days; HEPTA— pteroylliepta- 
glutauiic acid and Till — ptcroyltrighitamie acid at 
equimolar dosage to P6A — pteroj-lglutamic acid, 5 y, 
10 y, and 20 y injected on the 23rd, 25th, and 27th days 
respectively; LE -f* PGA — 1 unit liver extract and 5 y 
folic acid injected on the 23rd day, 1 unit liver extract 
and 10 y folic acid injected on the 25th day, 1 unit liver 
extract and 20 y folic acid injected on the 27th day. 


sundved on the 38th day and 3 survdved be- 
yond the 42nd day. At least 7 of the 8 
chicks survived beyond the 42nd day in each 
of the other test groups. 

The average hemoglobin values for each 
group are shown in Fig. 3. The pattern of 
hemoglobin regeneration induced by vitamin 
Bia was the same as that observed with liver 
e.vtract. Vitamin Bie alone had no greater 
effect than liver extract, yet in combination 
with folic acid the rate of hemoglobin regen- 
eration was more rapid than that resulting 
from treatment with folic acid alone. By the 
42nd day, the least significant difference be- 
tween treatments ivas 1.20 g fo hemoglobin. 

In addition to the group shown in Fig. 3 
ivhich received 1 y of vitamin Bj 2 plus 10 
y folic acid on the 26th and 29th days, a 
second group of 8 chicks which received O.I y 
of vitamin Bis plus 10 y of folic acid on these 
days showed an average hemoglobin value of 
8.24 g % on the 42nd day and another group 
which received double the dosage of folic 
acid alone (20 y) on these days had an 
average hemoglobin value of 7.71 g % on 
the 42nd day. 

Discussion. A series of 5 experiments in 


all were carried out, each of which included 
the 4 e.xperimental treatments outlined in Exp. 
1. Liver extracts used in the treatment of 
pernicious anemia were not effective in stimu- 
lating the rate of hemoglobin regeneration in 
anemic chicks depleted of folic acid. In 
each of the 4 e.xperiments having a depletion 
period of 21 days or longer, the rapid rate 



The control gronp was untreated. In tlie other 
croups encJi bird received : LE — 1 unit liver ex- 
^act: Bjo — 1 y vitamin B,;; PGA — 10 y folic 
acid; LE’-f- PGA — 1 unit liver e-xtraet and 10 y 
folic’acid; Bj- + PG.A— 1 y vitamin Bjo and 10 y 
folic .acid, injected on the 2Gth and 29tli days. 
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Fig. 1. 

Tlie effect of clironic morpliine poisoning on tlie 
growth, food intake, and food utilization of the 
albino rat. 

weight, food intake in g'^kg and grams of 
weight gain per gram of food consumed per 
kilo of bod}" weight per day were about equal 
in the two groups. (Fig. 1). This latter 
figure gives some indication of the utilization 
of food for synthesis of body tissues. Dur- 
ing the period of the e-XTieriment, the rats re- 
ceiving morphine showed a slight loss in 
weight during the first week followed by a 
gradual increase during the ensuing seven 
weeks. The rate of growth was much slower 
than in the control group. This great differ- 
ence in rate of weight gain is out of proportion 
to the difference in food intake in the two 
groups (Fig. 1 ). The food intake of the group 
of animals receiving morphine is somewhat 
less than that of the other group of animals 
during the first 2 weeks but after this time is 
equal to, or greater than that of the control 
animals. The normal animals consistently 
utilized much more food for growth than did 
the animals receiving morphine. This is shorni 
by the values obtained for grams of weight 


gain per da}" per gram of food consumed per 
kilogram of body weight. 

Before administration of morphine was be- 
gun in the one group of rats, the mean basal 
metabolic rates in the two groups were ap- 
proximately the same (Table I) and there 
was no statistically significant difference be- 
tween the 2 (/ of dif. = 0.664). At the end of 
8 weeks the values in both groups dropped 
significantly. However, the fall in the mean 
B.M.R. of the chronically morphinized rats 
at the 48 hour withdrawal period was only 
47.50% as great as that obtained in the con- 
trol group and was significantly higher (7 of 
dif. = 3.824) than that of the normal 
animals at that time. It will also be noted 
that whereas the mean R.Q. of the normal 
rats decreased slightly over the S weeks period, 
that of the chronical!}" morphinized rats fell 
more markedly and significantly (7 of dif. 
= 3.41). 

Dhatsswn. There is little information in 
the literature in regard to the effects of chronic 
morphine poisoning and withdrawal of the 
drug on weight change, food utilization and 
metabolic rate of the rat. Myers and Flynn' 
administered 1 to 5 mg/kg/da}" to young 
growing rats over a period of 55 days, with 
only a slight impairment of growth. If higher 
doses had been given, it is probable more pro- 
nounced effects might have been obtained. 
Sollmann*" had previously reported that feed- 
ing morphine in the diet in doses increasing 
from 0.01 to 35 mg/kg/day over a period of 
21 weeks increased the rate of growth of young 
rats during the first 15 weeks. The significance 
of such results is questionable since there 
were only two animals in the e.xperimental 
group. Hildebrandt® poisoned rats with 
morphine, beginning wdth a dose of 100 mg/ 
kg/day and increasing rapidly to 600 to 1000 
mg7kg/'day. After two weeks his experi- 
mental animals showed a marked weight loss. 
It is surprising, in view of the fact that he 

1 Mycr,<!, II. B., and P)j-nn, J. B., jPeoc. .Soc. 
E.xp. Biol. .\xd Mm, 1028, 25, 78C. 

s>Sol!umim, T., J. Phann. and Exp. Thrrap., 
1924, 23, 449. 

K Hildobrandt, F., Arch. Exp. Fall,. Fharmnl-ol, 
1932, 02, CS. 
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ism of the Albino 'Rat.* 

F. E. Shideman. 

I'rovi Vie department of Pharmacology, School of Medicine, Vniversitxj of Michigan, Min 

Arior. Mich. 


The appearance of signs of hyperirrita- 
bility following withdrawal of morphine in 
certain animal species which have received 
the drug for a prolonged period of time is fairly 
well established. Plant and Slaughter'* and 
Barbour, Porter and Seelye- have presented 
evidence which might suggest that in the dog 
these phenomena are related to an increased 
basal metabolic rate. In line rvith a con- 
ception relating withdrawal signs to an ele- 
vated metabolism of tissues is the observa- 
tion by Shideman and Seevers** that skeletal 
muscle obtained from rats chronically poisoned 
with morphine e.xhibits an increased o.xygen 
consumption which attains a maximum value 
48 hours following withdrawal of the drug. At 
this time oxygen uptake is approximately 
twice that of muscle obtained from normal 
animals. The presence of such a marked 
increase in the metabolism of skeletal muscle 
itt vitro should be reflected in an elevated 
basal metabolic rate of the animal during the 
withdrawal period. On the other hand, the 
presence of certain factors existing in vivo 
(neural and humoral) might mask this in- 
creased activity which would become ap- 
parent only when relieved of these factors. 
Swann'* stated that, during addiction in the 
rat, morphine has a specific dynamic action 
on metabolism but that withdrawal is followed 
by a violent depression of the B.M.R. In 
order to obtain more information on the 

* Tliis investigation iins supported by a Se- 
seareli Grant (M. H. Seevers) from the Division 
of Beseareh Grants and Fellowships of the Na- 
tional Institute of Health, U. S. Public Health 
Service. 

1 Plant, O. H., and Slaughter, D. H., J. Pharm. 
and Exp- Therap., 1936, 68, 417. 

2 Barbour, H. G., Porter, J. A., and Seelye, 

J. M., d. Pharm. and Exp. Therap., 1939, Co, 332. 

3 Shideman, F. E., and Seevers, M. H., J. 
Pharm. and Exp. Therap., 1942, 74, 88. 

4 Swann, H. G., Am. J. Physiol, 1941, 133, 467. 


metabolic effects of addiction to morphine and 
its withdrawal in the rat, the following e.v- 
• periments were performed. 

Experimental. Two groups of albino rats 
(12 in each group), averaging approximately 
100 g in weight were placed on a diet of 
ground Purina chow for a period of 9 days. 
During this period individual food intake, and 
weight change were determined. The B.M.R. 
for each animal was obtained by measuring 
respiratory exchange over two 30 minute 
periods in a closed sj'stem maintained at 29°C 
in a constant temperature water bath. .Mr, 
to which oxygen was added as required, was 
continually circulated through the system. 
0.xygen consumption was measured b\' means 
of a small spirometer and carbon dioxide was 
absorbed in alkali which was analyzed for 
carbonate before and after each e.\perimental 
period. Surface area for each animal was 
calculated by the formula of Diack.® 
Following this control period one group of 
animals was chronically poisoned with mor- 
phine as described previously.® B'hen the 
dose of morphine had reached 200 mg/kg 
(over a period of 8 weeks) and been main- 
tained at that level for at least a week the dnig 
was discontinued and the B.M.R. again deter- 
mined on each rat in this group as well as 
in the control groups. During the fourth 
week of the e.xperiment, one of the animals 
receiving morphine died and any previous re- 
sults obtained on that animal w-ere not used 
in determining means and in statistical analy'- 
sis. 

Results. At the beginning of the e.xperi- 
ment the mean weight of each group of 
animals was approximately the same (Fig.l). 
During the control period, prior to the ad- 
ministration of morphine, the average gain in 

5 Djjick, S. L., J. Nutrition, 1930-31, 3, 289. 
cShi(lcm.nn, F. E., and Seevers, M. H., J. 
Pharm. and Exp. Therap., 1941, 71, 383. 
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cium-poor diet. -According to Marriot's re- 
port the h\-pophosphite anion is largely ex- 
creted unchanged: for that reason, the hj'po- 
phosphite P regarded as non-available in 
our first tests. IMien the early obser\-ations 
suggested that this might not be the case, a 
study of the influence of readily available P 
and hj’pophosphite P at varx’ing Ca/P ratios 
was included. 

Experimental. Groups of 7 to 8 Sprague- 
Dawlej' rats were placed on a diet prepared 
according to Sobel, Rockenmacher and Kra- 
mer,- which consists of 70 parts yellow com 
meal, 16 wheat gluten, 10 brewer's yeast, and 
1 NaCl with the addition of cod liver oil to 
supply 0.1 unit vitamin D per gram. Analy- 
sis showed a content of 0.03^ Ca and 0.33% 
P, which is in accord with the figures given 
by these authors. All animals were kept 
for 14 daj-s on this' diet as a depletion period, 
and the control group for an additional 25 
days. Additions of calcium h\-pophosphite, 
gluconate and secondaty- phosphate were used 
in the first comparative tests (.\ to E in 
table) . Nucleic acid was used in some groups 
to equalize the content in available phosphorus 
■n-ithout adding a phosphate. The additions in 
groups F to O sen-ed to vary the Ca/P ratios 
as widely as the P content in the basic diet 
would permit, ■n'ith propter distinction of P, 
known to be utilized, and hjTmphosphite P. 

The rats at the beginning of the depletion 
period were of an age specified for %-itamin 
D assay in the U.S.P. It turned out that 
the range of permissible variations in weight 
and age, as set for that test, was too wide 
than was best suited for these e.xperiments. 
The rats of the last group were apparently a 
few days older (Nos. to O), and conse- 
quently had larger calcium reserves. For that 
reason, each group can be compared only 
with its own control group. The animals were 
weighed at the beginning and end of the 
25 days’ test period, then killed and the 
femora ^issected. The bones, dried at 80°, 
were freed of all adhering tissue, weighed, 
incinerated and the ash determined. 

Results. It is evident that the assimilation 

- Sobel, A, E., Roekenmacher, M., and Kramer, 
B., J. Biol. Chem., 1945, 158, 475. 


of calcium is about the same whether supplied 
as hypophosphite, gluconate, phosphate or 
carbonate. WTiile 130 mg Ca per 100 g diet 
is inadequate for maximal calcification of the 
bones, 530 mg gave results equal to 730 and 
1030 mg as shoivn in Groups I to O. The final 
body weight at the end of the test period was 
within the same range in all groups' disre- 
garding the calcium intake, with exception 
of group Ai. While it is possible that the 
smaller animals were more sensitive to Ca 
deficiency, it must be pointed out that group 
B, with equally low Ca feeding, showed only 
a slight depression in weight. The weight and 
ash content of the femora reflect more definite- 
ly any calcium deficiency than the body 
weight. 

The experiments on Ca/T ratio were limited 
by the 330 mg P content in the basic diet, 
which was found to be high enough to prevent 
any acute P deficiency. As a consequence 
the results appear to be exclusively a function 
of the Ca supply. .A ratio of Ca/T of 1:2.54 
(Group F) was positively not detrimental to 
bone formation, and neither was one of 1:4.9, 
(Group H) assuming that hypophosphite P 
is utilized. This, however, we were unable 
to prove because of the impossibility to pro- 
duce a P deficiency with this diet and of the 
latitude in tolerated Ca/P ratios. 

ShohF has claimed that a low Ca/'high P 
ratio lowers the ash content in the bones of 
the rats. He used, indeed, a ratio of 1:16, 
but only by sacrificing the absolute Ca content 
in the diet. When 0.12% Ca nas given -with 
2% P the ash was 36%, but with 0.12% 
Ca and 0.5% P the ash was the same. This 
is in keeping with our conclusion that the 
quantity of Ca and not the CaT ratio is the 
limiting factor. Since, according to Shohl’s 
statement, excessive quantities of phosphorus 
are toxic, it is difficult to prove a detrimental 
effect of a low Ca/P ratio at an adequate 
Ca intake. 

Some of the ulnae and radii of the Ai to 
E groups were examined by the Ag line test as 
used in \-itamin D assay, but no differences 
were detected. 

It seems that bone formation is not the most 

sShohl, .\lfrea, J. Xulr., 193C, 11, 275. 
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TABLET. 

Effect of Withdrawal Following Chronic Morphine Poisoning on the Respiratory Quotient and 
Afctabolie Bate of the Rat. , 


^ Initial Final 

Eo. of j ___ 



animals 

,BMR 

r.q! 

'bmr 

R.Q.' 

Normal 

12 

51.5 

.829 

41.95 

.812 



(t = 55.6) 

(t ~ 53.9) 

(t = 29.4) 

(t = 3G.2) 

Chronic Morphine 

11 

53.3 

.830 

48.80* 

.704* 



(t=:29.2) 

= 48.08) . 

(t = 44.1) 

(t = 94.8) 


* Values obtained 48 hours after witUdr.awal of the drug rvhich had been administered in 
increasing doses (from 20 nig/kg/day to 200 mg/kg/day) over a period of S weeks. 


was using larger doses and younger rats than 
were employed in these e.x'periments, that'the 
inhibition of growth was not noted sooner. 

It is difficult to interpret the changes in 
basal metabolic rate of the two groups of 
animals in the experiments reported here. If 
the final values were the onl}’’ ones available 
to compare, it could be concluded that dur- 
ing the withdrawal period there was an in- 
crease, in metabolism. However, in view of 
the fact that the metabolic rate of both groups 
decreased and since the decrease in each is 
roughly proportional to the gain in weight, 
it is possible the final difference is merely due 
to a difference in weight between the two 
groups. Nevertheless, the lower respiratory 
quotient and decreased utilization of food for 
body growth might indicate an increase in 


metabolic rate which is not apparent from the 
values obtained for basal metabolic rates. 
Further e.\'periments are planned to clarify 
the questions provoked by these results. 

Summary. Chronic administration of mor- 
phine in doses increasing from 20 mg/kg/day 
to 200 mg/kg/day over a period of 8 weeks 
to young albino rats resulted in a marked sup- 
pression of growth. This occurred in spite 
of a greater food intake .per unit of body 
weight. In addition, the animals receiving 
morphine demonstrated a significant reduction 
in their respiratory quotients at the 48 hour 
withdrawal period. The interpretation of the 
changes in metabolic rate is not apparent on 
the basis of the results obtained. 

RccDivcd March 28, 194S. P.S.B.B.M., 1949, 71. 
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Arthur E. Meyer and Jack Greenberg. 

From The Sesearch Division, Fellows Fharmacciilical Lahoratorics, Few yorl: Cily. 


The value of hypophosphites as therapeutic 
agents has never been objectively demon- 
strated and Marriott’s criticism of their use^ 
has largely been accepted. However, calcium 
hjTDophosphite is well worth wffiile being con- 
sidered as a means of convenient calcium ad- 
ministration, where such therapy is desired, 
because it is high in this element (23%), 
does not have the objectionable taste of most 

Ijlamofc, McKim, F- Ifcd. Assn., 1916, 

70, 486. 


calcium salts and, in contrast to gluconate, 
is adequately soluble. The hypophosphite ion, 
as a stable acid, balances the alkalinity of 
the calcium, ivhich effect persists even if there 
should occur a transformation into phosphoric 
acid. Therefore, the salt does not shift the 
acid-base equilibrium to the alkaline side as 
is the case with salts of carbonate producing 
acids. The original purpose of the present in- 
vestigation was a comparison of calcium h}^- 
pophosphite with dicalcium phosphate and 
calcium gluconate as a supplement in a cal- 
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sensitive indicator of a deficiency or unbalance 
of Ca and P. Most of the control rats de- 
veloped a considerable degree of baldness. 
This was still more accentuated in Group B, 
which points to a further damage caused by 
the change in the Ca/P ratio from 1:11 to 
1:13.6. It also appeared markedly in Group 
K, receiving calcium gluconate without ad- 
ditional P, but was absent in E, where the 
gluconate was balanced with P. None of the 
other groups showed loss of hair. By com- 
paring the Ca/P ratio in Group K (1:0.32) 
with those of the other groups showing bald- 
ness (Ca/P, 1:11;1:13.6) it may. be con- 
cluded that the disproportion in Ca/P ratio 
to either extreme has a similar effect. The 
non-appearance of baldness in Group I may 
point to some assimilation of hypophosphite 
P, since othenvise this group would have the 


same Ca/P ratio as K.. More data will be 
required to make a positive statement on this 
point. 

Summary. Calcium hypophosphite is well 
suited to serve as a supplement for dietary 
calcium. To what extent the hypophosphite 
phosphorus is utilized by^ the organism re- 
mains uncertain. The ratio Ca/P in the diet 
may' be varied within a wide range without 
affecting the calcification of the bones, pro- 
vided the absolute quantities of each constitu- 
ent are adequate. Extreme disproportion of 
Ca and P in either direction seems to cause 
loss of hair, as was observed in rats receiv- 
ing either very low or very high relative 
levels of calcium. 


Received Jl.nrcli 29, 1949. P.S.R.B.M., 1949, 71. 


17073. Extra-Renal Removal of Hemoglobin from Circulation in the Rat. 
I. Effect of Parenteral Bovine Albumin. 

Richard \V. Lippman.* 

From the Institute for 2Ic(lico! Research, Cedars of Lchiinon nospitai, Los Angeles, Calif. 


Hemoglobin in the circulation, whether re- 
sulting from hemoly'sis of erythrocytes iti vivo, 
or introduced by parenteral injection, is re- 
moved at least in part by' excretion through 
the kidney. Hemoglobin filtered through the 
glomerulus may' appear in the urine, although 
part is reabsorbed by' the proximal tubule 
cells.^"'’’ That hemoglobin is removed by ex- 
tra-renal routes, as well, may be inferred from 

* Tlie .author gr.atcfully .acknovlcdgos the .assist- 
nnee of Helen .7. Tlrccn. This avork avas supported 
by a grant from the Diaasion of Rescarcli Grants 
and Polloavships, National Institutes of Health, 
IT. S. Public Health Service. Bovine albumin 
(Fraction V) avas supplied through the courtesy 
of Dr. .7. D. Porsche, Armour Laboratories, Chi- 
cago, 111. Hemoglobin aaaas furnished through the 
courtesy of Dr. R. B. Pennell, Sharp and Dohme, 
Inc., Glcnolden, Pa. 

1 Tuile, C. L., Physiol. Lev., 1942, 22, 19. 

- Gerard, P., J. hunt, and Physiol., 1930, 70, 
;3o4. 

3 Rather, L. .T., J. Fry. Med., 194S, 87, 103. 


the accumulation of hemosiderin in reticulo- 
endothelial cells, avhen ery'throcytes are de- 
slroy'ed at an abnormally rapid rate. 

Parenteral injections of albumin might be 
anticipated to alter the rate at which hemo- 
globin is removed from the circulation by' ex- 
tra-renal routes. Since injected albumin is 
itself removed rapidly from the circulation, a 
nonspecific increase in protein removal might 
occur. On the other hand, the mechanism for 
protein homeostasis might be so saturated that 
the rate of hemoglobin removal might dimin- 
ish. Overloading the reabsorption mechan- 
ism witli bovine albumin is known'* to affect 
the renal tubule cells so as to diminish reab- 
sorption of hemoglobin from tubular urine. 

Our interest in the extra-renal removal of 
hemoglobin from the circulation arose during 
an investigation into the mechanism of pro- 
teinuria. Using hemoglobin as an indicator, 

iLippmaii, K. TV., Am. J. Phy.siol., 1948, l.>4, 
532. 
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TABLE I. 


Bate of Removal of Hemoglobin from tlie Circulation of yeplircetoiiiizcd Rats. 


Alin, 

after 

inj. 

Final scrum 
cone, 
of Hi), 
ing/lOO cc 

Wintr. 

iiematocrit 

Plasma 

vol., 

ce 

Total 

cire. 

Hb, 

mg 

Hb 

removed 

iiig 

Bate of Hb 
removal 
mg/min./ 
100 g BW 

Serum 

Prot.-Hb 

cone., 

% 

Total 

cire. 

Prot.-Hb, 

mg 

O 

1492 

35.3 

Sodium 

9.5 

Chloride 

141 

injections 

0 


3.54 

336 

.SO 

1398 

37.9 

8.9 

124 

17 

0.41 ± .19 

4.53 

400 

GO 

1078 

38.5 

S.S 

95 

46 

0.50 ± .OC 



o 

1403 

33.2 

Bovine albumin iiilcetion.s 
10.0 141 0 


0.40 

640 

30 

1179 

33.0 

10.1 

119 

22 

0.49 ± .10 

6,56 

650 

GO 

1135 

37.8 

8.8 

100 

41 

0.44 a .08 

7.54: 

664 


36 hours. Control rats in this series had a 
total circulating protein value (other than 
hemoglobin) of approximately 350 mg. .\s 
the result of injections which introduced ap- 
pro.ximately 2500 mg of albumin into the cir- 
culation during a period of 30 hours (about 
half of the last injection remained unabsorbed 
at the time of autopsy), the total circulating 
protein rose to about 650 mg, nearly twice 
its previous level. Consequently a minimum 
of 2200 mg entered and left the circulation 
during the period of observation. In spite of 
this, no appreciable change in the rate of 
hemoglobin removal was detected. 

Comparison of the extra-renal rate of re- 
moval with the renal excretion of hemoglobin 
at comparable serum concentrations indicated 
that, in the rats injected with sodium chloride 
solution, the renal excretion rate'‘ was less than 
twice the extra-renal removal rate, while in 


the rats injected with bovine albumin the 
renal excretion rate was relatively somewhat 
greater. The difference in ratio depended 
upon the effect of bovine albumin injections, 
increasing the rate of renal excretion. 

Summary. I. During the hour following in- 
travenous injection of hemoglobin in the rat, 
about 1/3 of the quantity injected left the 
circulation by e.xtra-renal routes. 

2. Intraperitoneal injection of bovine al- 
bumin, with the associated rapid passage of 
albumin from the circulation, did not affect 
the rate at which hemoglobin left the circula- 
tion. 

3. The rate at which hemoglobin leaves the 
circulation by extra-renal routes is of com- 
parable magnitude to, though less than, the 
rate of renal excretion. 

Received JIarch SO, 1949. P.S.E.B.M., 1949, 71. 


17074. Experimental Toxoplasmosis. II. Effect of Sulfadiazine and Anti- 
serum on Congenital Toxoplasmosis in Mice. 


I Heinz Eichenwald. (Introduced by S. Z. Levine.) 

From The Kew Tori: Uospilal and ihc Vepariment of Fcdiairic.i, Cornell Vniirrsitp Medical 

College, New Tori: City. 


.Although toxoplasmosis has been known as 
an infectious disease of man for over a decade, 
therapy of the acute condition has remained 
unsatisfactory'. Sabin and Warren,*-- testing 

1 S.-ibin, A. B., and 'Warren, J., Peoc. Soc. Exp. 
Biol, axd AIed., 1942, 31, 15. 

- S.a'bin, A, B., and Warren, J., Peoc. Soc. Exp. 
Btot.. .\xi) Ato., 1942, 31, 19. 


a wide variety of antimicrobial agents, re- 
ported that only the sulfonamides have any 
beneficial effects on the course of the disease 
in laboratory' infected mice and rabbits. 
Weinman and Berne^ extended these observ’a- 


3 Weinman, D., .and Berne, R., J.A.M.A., 1944 
1S4, G. ' 



4'+. Extra-Renal Removal of Heaioglobin 

we wanted to know the speed with which it that no hemolysis occurs under the conditions 
left the circulation by extra-renal routes, so of collection. Determinations were made of the 
that the rate of urinary excretion could be serum hemoglobin concentration, total serum 
better understood. protein concentration, and Wintrobe hemato- 


The rate of urinary hemoglobin e.xcretion is 
the resultant of two opposed rates; filtration 
at the glomerular membrane, and reabsorp- 
tion by tubular cells. Neither of these may 
be measured directly. However, the rate at 
which hemoglobin is removed from the circu- 
lation may be measured by determining total 
circulating hemoglobin (the product of plasma 
hemoglobin concentration and plasma volume) 
at suitable intervals. If the kidnej^s are 
surgicall}’^ removed, then hemoglobin can 
leave the circulation only by extra-renal 
routes, so that the total rate of hemoglobin 
removal, which can be measured, becomes 
equal to the extra-renal rate. 

Methods. In this study 48 male rats were 
used, each weighing about 150 g, with little 
variation. One group of rats received two 
16 cc intraperitoneal injections of 6% bo- 
vine albumin in 0.85% sodium chloride solu- 
tion at 9:00 A.M. and 4:30 P.M. on the 
day preceding the experiment. At 9:00 on 
the day of the e-xperiment they received an- 
other such injection, and 5^4 hours later 
they were subjected to bilateral nephrectomy 
under light ether anesthesia. The operative 
procedure was performed rapidly through 2 
flank incisions. The kidney was delivered 
through the incision, a silk ligature was placed 
around the renal pedicle, and the pedicle 
severed. The wound was closed m'th i\lichel 
clips. Very little blood was lost. Previous 
experience has shown that rats endure this 
procedure with no immediate evidence of ill 
effects. Within a few minutes the rats are 
awake again, and show normal behavior. 

Immediately after the completion of 
nephrectomy, and while still anesthetized, the 
rats received an intravenous injection of 141.0 
mg of hemoglobin,® in a volume of 1.7 cc. 
Groups of rats were killed at intervals after 
injection by exsanguination from the abdom- 
inal aorta. By previous e.xperience we know 

5 Pennell, R. B., Smith, W. E., and Wertheiser, 
W. C., Pboc. Soc. Exp. Biol, axb Meb., 194T, 05, 
2D5. 


crit value. The serum protein concentration 
other than hemoglobin was calculated by dif- 
ference. Another group of rats was treated 
in exactly the same manner, but, in place of 
the injections of bovine albumin, received in- 
traperitoneal injections of 0.85% sodium 
chloride solution in equivalent volume, with- 
out the added- protein. 

Total hemoglobin concentration was meas- 
ured by the method of Evelyn and Malloy.^ 
Plasma volumes were calculated from the 
serum hemoglobin concentration and the 
known amount of hemoglobin injected, in the 
groups killed at 2 minutes. The small error 
introduced by the short mixing time has been 
neglected, as it is of smaller magnitude than 
other causes of error in such measurements.'^ 
If we assume that the circulating erythrocite 
mass remains constant over short periods of 
time, the hematocrit value may be taken as 
an index of plasma volume changes at the 30 
and 60 minute intervals, at which times plas- 
ma volumes were calculated from the mean in- 
itial plasma volume. 

Total protein determinations were made by 
a modification of the Kingsley biuret method.® 

Results. Hemoglobin was removed from the 
circulation with relatively great rapidity. In 
60 minutes, appro.ximately 1/3 of the quantity 
injected intravenouslj’- had disappeared from 
the circulation (Table I). The injections of 
bovine albumin did not appear to affect sig- 
nificantly the rate at which hemoglobin left 
the circulation. 

Discussion. The speed at which phj-sio- 
logical functions invoking proteins occur is 
not generally appreciated. Thus, only re- 
centlj", Stoerk, John, and Eisen® reported that 
the half-life of serum protein in the rat is about 

c Evelyn, K. A., and JIalloy, H. T., J. JBiol. 
Chenu, 1£)38, 12C, 655. 

vLippman, E. XV., Peoc. Sov, E.xp. Biol, akd 
Med., 1947, 00, I8S. 

6 Eingsloy, B, 2?., *7. Siol. ChciTi., 1939, 13i, 19/. 

0 Stoerk, H. C., Jolin, H. 31, and Eisen, H. N., 
Peoc. Soc. Exp. Biol, aup Med., 19i7, GO, 25. 
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TABLE I. , 

Treatment of Offspring from Xon-Tinmune itotlier;;. 


Gronp 

Treatment begun 

3rd day after birth 

No. of 
newborn 
mice in 
group 

No. of 
mice dead 
of toxo- 
plasmosis 

Avg survival 
period of 
mice dead 
of toxo- 
plasmosis, 
days 

Mice 
surviving 
experimental 
period 
(1 mo.) % 

Survivors 
found 
elironie 
carriers, % 

A 

Sodium sulfadiazine 

0.5 mfr/g daily, 

S days 

40 

22 

0 ± 3 

* 

45 

67 ' 

B 

.Antiserum 

0.02 cc daily, 

8 days 

40 

’ 28 

0 ± 3 

30 

83 

C 

Sodium sulf.adiazine 

0.3 mg/g daily 
plus antiserum 

0.02 cc d.aily, 

8 days 

40 

5 

0 ± 2 

SS 

46 

D 

Controls 

None 

40 

35 

■i±3 

13 

60 


Group A: 40 newborn mice treated 8 
days with sodium sulfadiazine, 0.5 mg,g of 
body weight. 

Group B: 40 newborn mice treated 8 

days with 0.02 cc antiserum per day. 

Group C: 40 newborn mice treated with 
0.5 mg/g sodium sulfadiazine per day plus 
0.02 cc antiserum per day for 8 days. 

Group D: 40 newborn mice recei%nng no 
treatment. 

.•\!1 treatment was started on the third day 
after birth. This day was chosen since wide- 
spread di;^emination of Toxoplasma through 
the tissues was almost invariably present by 
this time. 

The antiserum was obtained from mice hy- 
perimmunized by the injection of gradually 
increasing doses of To.xoplasma F strain* at 
bi-weekly intervals, followed by increasing 
doses of the more %-irulent RH strain at weekly 
inter\-als until the mice were resistant to at 
least 100 minimum lethal doses of the RH 
strain. Two weeks after the last injection, the 
animals were bled, and the serum frozen at 
-22 °C. Each day the required quantity was 
thawed and promptly injected intraperitoneal- 
ly. Enough serum was prepared so that the en- 

* Obt.nincd through the kiiulness of Dr. Is.-ilicn.n 
B. Grace of the Department of Public He.ilth ami 
Preventive Motliciite, Cornell University Medical 
College. 


tire e.xperiment could be performed with one 
batch. Grace had shomi previously that im- 
mune serum from rabbits also has a beneficial 
effect on the course of the infection in adult 
mice;'’ we preferred to employ mouse serum in 
order to avoid introducing the additional com- 
plicating factor of foreign protein reactions. 

Sulfadiazine was injected subcutaneously 
as a 0.5% solution of the sodium salt dis- 
solved in physiological saline solution. The 
daily dosage of 0.5 mg per gram of body 
weight of mouse was divided into 3 doses 
given at approximately 8 hour intervals. This 
dosage gives blood levels similar to those 
achievable safely in man, averaging about 15 
mg/100 cc blood one hour after injection, 
12 mg after 3 hours and 7 mg after 6 hours, 
as measured by the methods described by 
Bratton and Marshall.'" These levels pro- 
duced no apparent toxic effects in mice. The 
results are shown in Table I. 

One month after birth, all suu’ivors were 
examined for the presence of Toxoplasma by 
microscopic observation of Giemsa-stained ma- 
terial and by subinoculation of tissue suspen- 
sions into fresh mice. 

Pathologically, the picture presented by 
the mice treated with sulfadiazine alone dif- 

Grace, I. B.. personal tommunk-.afion, 1£>47. 

w Bratton. A. C., and Marshall, E.. J. J}ioh 
Cl, cm.. 1 P.10, 128, .l.ir. 
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tionSj and by producing higher blood levels 
of the drugs with exceedingly large, doses of 
sulfonamides were able to show that if used 
early in the course of the infection these 
agents are effective in curing the acute phase 
of the disease in adult mice. However, this 
method of therapy did not eradicate the in- 
fection; all treated mice remained chrome 
carriers, retaining virulent organisms in the 
brain. 

In man, sulfonamide therap 3 ' for toxoplas- 
mosis has so .far given striking results in only 
one of the few cases in which it has been 
emplojred.^'® 

In practice, therapy of the infection is 
handicapped by the fact that most recognized 
cases occur in newborn infants who have ac- 
quired the infection i/r utero. In consequence, 
widespread, irreparable, and frequentl}' fatal 
damage to tissues has occurred even before 
birth.' Howev'er, we have recently observed 
a number of infants w'ho seemingly had ac- 
quired the infection shortlj^ before term, so 
that at the time of delivery there appeared to 
be little demonstrable tissue destruction. It 
is for these children that a successful method 
of treatment wmuld be of particular value. 

Experimental Procedures. The Toxoplas- 
ma strain used was the same RH strain de- 
scribed in an earlier paper.® Although it is 
possible to produce congenital toxoplasmosis 
in mice similar to that described in man, 
under the experimental conditions employed 
only about 30% of the offspring from an in- 
fected mother could be shown to harbor Toxo- 
plasma. Of these, about three-fourths died; 
in the remaining infected animals the disease 
went on to a chronic carrier state. Because 
of the relatively small percentage of congeni- 
tal infections produced by this method, very 
large numbers of animals would have been re- 
quired to evaluate adequatelj'^ the effect of 
any therapeutic agent. Therefore, in the pres- 
ent investigation an artificial, rather than 

' 4 'Sflbhr, A. B., 1941, 116, Sol 

5 Zuelzer, W. W., Arch. Path., 1944, S8, 1. 

c Robinson, P., Ann. Paediat., 1947, 1C8, 134. 

7 Coiven, V., IVoIf, A., and Paige, B. H., Arch. 
Xcurol. and Psych., 1942, 48, G89. 

8 Eiebenw.old, II., Am. P. Pis. Child., 194S, 70, 
307. 


natural, method of infecting the embryo was 
employed. 

Adult, virgin, female mice were mated mth 
healthy males and as soon as a vaginal plug 
appeared, a sign of successfuTcopulation, were 
removed to individual cages. Fourteen days 
after copulation they were e.\'amined for signs 
of pregnancy. The pregnant animals were 
anesthetized wdth ether, the lower abdomen 
shaved, and a small incision made through the 
skin and peritoneum to expose the uterus. 
Aseptic technic was used throughout. Tie 
position of the various embryos in the uterus 
could easily be seen. With some praeb'ee, it 
was possible to insert a very fine hypodermic 
needle through the walls of the uterus and the 
fetal membranes so that it just touched the 
embryo. The infective material was then in- 
jected through a 0.5 cc tuberculin syringe at- 
tached to the needle. This material consisted 
of 0.02 cc of a 1:1DD dilution of peritoneal 
exudate harvested from an infected, moribund, 
adult mouse. Each embryo svas individually 
injected. The peritoneum was then closed 
with interrupted fine silk sutures, the skin 
with- continuous silk sutures, and the wound 
covered with a collodion dressing. 

As -will be seen below, it ivas possible by 
this method to produce an infection active at 
birth in over 90% of the embryos injected. 
The pathological picture in these animals was 
indistinguishable from that described for 
those infected by transplacental transmission, 
except that in the latter group the degree of 
parasitization appeared less and the fatality 
rate was loiver. 

One hundred sixty' embiyos were injected 
on the 14th day in the manner outlined above, 
and the mothers allowed to give birth, which 
in almost every case occurred on the 18th 
and 19th day of gestation. Within 10 hours 
after birth, the offspring were separated from 
their mothers, divided arbitrarily into litters of 
5, and placed in cages with healthy lactating 
foster mothers. This was done in order to 
eliminate the possibility' of milk-borne trans- 
mission of Toxoplasma during the period of 
therapy since about 50% of the mothers of 
the injected embryos developed toxoplas- 
mosis.^ The litters W'ere then divided into 
the following 4 groups; 
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immune mothers. This group was given no 
treatment. The therapy given to the test 
groups was identical to that used in the 
previous experiment. The results are shown 
in Table II. 

The data in Table II indicate that anti- 
bodies passively acquired transplacentally by 
the fetus are not sufficient to protect the 
offspring even when sulfadiazine is given after 
birth, and that additional antiserum must be 
supplied to the progeny for optimal therapeu- 
tic effects. 

Two other drugs! w’ere also tried alone and 
in combination with antiserum but failed to 
show any beneficial action. These were 
“Promizole” (4,2' diaminophenyl 5' thia- 
zole sulfone) given to newborn mice in a 
dosage of 0.5 mg/g per day for 8 days and 
“Diazone” (disodium formaldehyde sulfoxy- 
late diaminophenyl sulfone) given in 0.1 mg/ 
g per day for 8 days. 

Dtscussiau. k comparison of the results 
obtained by the various forms of treatment, 
as listed in Table I, readily shows that while 
sulfadiazine and antiserum each have a bene- 
ficial action on the course of to.xoplasmosis, a 
combination of these two substances is con- 
siderably more effective than the use of either 
material alone. 'The reasons for this fact are 
probably many: one, already mentioned, may 
be the difficult}’’ encountered in trying to ob- 
tain high antibody concentrations in the cen- 
tral nervous system; another may be the fact 
that humoral antibodies do not appear to 
have any action on intracellular Toxoplas- 
ma,'"’ while extracellular organisms are not 
affected by sulfonamides.' 

t Obt.iincd ttirougli tUc kindness of Dr, WalsU 
^IcDerinott of tho Department of Medicine, TIic 
New York Ilospital and Cornel! Jledical College. 


It should be pointed out that the histo- 
logical structure of the placenta in man and 
in the mouse is similar if one considers the 
fact that in both cases only a single layer of 
cell separates the maternal from the fetal 
blood.“ The thickness of this layer is be- 
lieved to be of importance in transplacental 
antibody transfer.'® 

We have observed several cases of human 
congenital toxoplasmosis in whom, when 
tested a few days after delivery, the mother 
showed a higher neutralizing' titer to Toxo-. 
plasma than did the infant. This suggests 
that perhaps the transfer of antibody from 
mother to fetus through the placental barrier 
is not complete, which may be one reason why 
the embryos from highly immune female mice 
are susceptible to the infection. 

Even though one must be cautious not to 
apply unselectively data obtained from animal 
experimentation to human diseases, it would 
appear that the combined antiserum and sul- 
fadiazine therapy should be given a clinical 
trial in active human congenital cases. 

Summary. The effect of sulfadiazine, anti- 
serum and' a combination of these two ma- 
terials on the course of congenital toxoplas- 
mosis in mice was determined. It was shown 
that ivhile sulfadiazine and antiserum indi- 
vidually had some beneficial action, a com- 
bination of these substances was considerably 
more effective than either used alone. 

13 S.nbin, A, B., and Feldman, H. A., Science, 
19t8, 108, 660. 

ii Mason, J. 11., Dalling, T., and Gordon, tV. .T,, 
Path. Pact., 1930, 33, 783. 

Schneider, D., and Szathmary, J,, Z. Imvimi- 
forsch., 1940, 08, 24. 

Keceivod Pebruarr 17, 1949. P.S.E.B.Jt., 1949, Tl! 
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TABLE II. 

Course and Treatment of Offspring from Irnmnno Jloflicrs. 


Group 

Treatment begun 

3rcl day after birth 

Ifo. of 
newborn 
mice in 
group 

Ifo. of 
mice dead 
of toxo- 
plasmosis 

Avg survival 
period of 
mice dead 
of toxo- 
plasmosis, 
days 

3Iice 
surviving 
e,vperimenfal 
period 
(1 mo.) % 

Survivors 
. found 
chronic 
carriers, fo 

■ A 

Sodium sulfadiazine 

0.5 mg/g daily, 

S days 

40 

13 

7 -h 3 

08 

70 

B 

Antiserum 

0.02 ec daily, 

8 days 

40 

• 22 

T±3 

4.3 

7S 

C 

Sodium sulfadiazine 

O.u mg/g daily 
plus antiserum 

0.03 ce daily, 

S days. 

40 

4 

G±1 

90 

53 

D 

Controls 
from im- 
mune 
mothers 

A'one 

40 

26 

6 ±3 

33 

82 

E 

Controls 
from non- 
immune 
mothers 

If one 

40 

33 

4± 2 

IS 

71 


fered considerably from that observed in the 
animals treated with antiserum alone. In the 
latter case, active inflammatory lesions were 
most marked in the brain, and only relatively 
few scattered, apparently inacti\'e lesions 
could be found in the other viscera. In the 
animals given sulfadiazine there were many 
scattered lesions throughout the liver, lung, 
spleen, brain, and kidney. These, however, 
were considerably smaller in both size and 
number and showed markedl}' less necrosis and 
inflammatory reaction than the ividespread 
-granulomata noted in the untreated control 
series. The persistence of active lesions in 
the central nervous system after treatment 
with antiserum may, perhaps, be explained 
best by the slight permeability of cerebral 
capillary walls to immune bodies, as postulated 
by Friedeman.^^ It was not feasible to use 
larger doses of antiserum. 

As indicated on Table I, in the mice treated 
with combined antiserum and sulfadiazine, 
appro.vimately half of the survivors had been 

11 Friedeiiian, U., PUy/siot. Pet., 1942, 22, 123. 


cured. The remainder continued to harbor 
parasites, mostly in the brain, and had thus 
become chronic carriers.'^- The mice that 
died during treatment showed a widespread 
parasitization of tisues; in these cases tlie in- 
fection apparently had already been over- 
whelming before therapy was started. 

In order to evaluate the effects of maternal 
antibodies on the course of to.voplasmosis in 
the embryo and in the newborn mouse, adult 
virgin female mice were injected subcutane- 
ously with a sub-lethal dose of Toxoplasma 
F strain. This produced a transient disease 
which was followed in about 3 weeks by a 
strong immunity to a challenge dose of RH 
strain. Two weeks later the immune animals 
were allowed to mate with healthy male mice. 
On the 1 4 th day of pregnane}', the embryos 
were injected in utero as described above. 
After -birth, the litters were again given 
healthy foster mothers, and divided into 4 
groups as before, plus an additional group E 
consisting of 40 newborn mice bom from non- 

le Wciniuan, P., <1* Infect, Dis., 1943, Ttl, 85, 
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though there is no detectable loss of activity 
(red cell agglutinating or embryo infectivity) 
of the virus. 

If a 2% osmic acid solution was added to 
the .15M saline suspension of the virus no 
change in shape was detected (Fig. 1). It 
remained spherical. If the same .ISI'I saline 
suspension of virus was dried slowly in the 
cold room at 4°C instead of at room tempera- 
ture, again filamentous forms were not de- 
tected. This is in contrast to drying at room 
temperature (Fig. 2). This made it likely 
that a change in shape was taking place dur- 
ing the drying process. When we combined 
this idea wth the assumption that osmic acid 
fixed the virus in the form in which it e.xisted 
in solution we were led to the following experi- 
ments. 

Virus freshly harvested from allantoic fluid 
was centrifuged at about 15,000 g for 40 
minutes in an angle centrifuge. It. was then 
resuspended in varying concentrations of sa- 
line (Table I). It was washed again by a 
repeated centrifugation and resuspension in 
the same concentration of saline. .-Ml of the 
preparations were then “fixed” by e.xposure 
to the osmic acid in solution. They were 
then transferred back to water by a third cen- 
trifugation. .‘Ml of the preparations for elec- 
tron microscopy were then similarly prepared 
by dr>dng a drop of this final water suspension 
on the usual formvar screen, rvashing, and 
shadowing with chromium at angle of 4 to 1. 

Figs. 3 and 4 show the change in shape 
ss'hich has then been detected in four separate 
experiments with 2 strains of the virus. We 
have not as yet determined the concentration 
of saline at which the change in shape will 
occur or the quantitative effect of different 
concentrations on different morphologies, but 
have shown that a marked change in shape 
occurs at 2fo saline which is 2.5 the normal 
concentration of saline. This despite the 
lack of any evidence that the embryo in- 
fectivity was delectably reduced by placing 
the virus in even four per cent saline. Further- 
more. the rate of loss of infectivity of the 
virus on remaining in the ice box was the 
same in different concentrations of saline. 

ciiaiiR, F. n., J . Fj-//. Mill ., 1948, 88, 23:*,. 



50 


17075 P. Formation of Filamentous Forms of Newcastle Disease Virus in 
Hypertonic Concentration of Sodium Chloride.^ 

F. B. Bang. (With the technical assistance of Warren A. Hovis, Jr.) 

From the Department of McfUeine, Johns Hopkins University School of Medicine, Baltimore. 


The shape of the virus of Newcastle disease 
of chickens is filamentous when prepared from 
a saline suspension and roughly spherical 
when prepared from allantoic fluid or water.^ 
If the virus is partially inactivated while in 
’water, it does not change shape when the 
saline is brought to .ISM. This concentration 
of salt is sufficient to cause a change in the 


form of the active virus when such a suspen- 
sion is dried on an electron microscope screen.’’ 

Two recent chance observations added 
further qualifications to the system, and with 
subsequent e.xperiments further indicate that 
the change in shape takes place in solution. 
A hj-pertonic concentration of saline is, how- 
ever, needed to cause the change in shape, al- 



Fig. 1. Fi-xed in .15 JI. s.^line by exposure to osmic .ncid before drying on electron micro- 
scope screen. 

Fig. 2. Dried from similar suspension witliont fi-xation. „ , , ■ . i ^ 

Fig. 3. Exposed to 3% saline by 2 centrifugation-wasliing cycles. Pat back in water before 

preparation of screen. . . ^ 

Fig. i. Same as 3, except fixed in osmic acid while in 39r saline. 


* This study was supported in part by a grant- 
in-aid from the National Institutes of Health, 
D. S. Public Health Service. 

1 Bang, F. B., Proc. Soc. Exp. Biol, a.vd 3Ied., 
194G, <54, 133. 

aCunha, E., Weil, H. U, Beard, D., Taylor. 
A. E., Sharp, D. G., and Beard. T. W., J. Im- 


munol., 1947, 55, 69, 

sElford, W. -I.. Smiles, J., Cha, C. M.. and 
Dudgon, J. A., Bioehem. 1947, 41, XXV. 

i Bang, F. B., Proc. .So<’. Exp. Biol, .i.vn Med., 
1947, 04, 133. 

5 Bang, F. B., J- Exp. Med., 1948, 88, 2.'>]. 
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TABLE I.. 

liitceratcd Mean Pressures in Pulmonary Artery and Vein in Kclation to Heart Kate Cliaiiges. 


M’t. of ■ 
dog, kg 

* 

Before vagal 
stimulation 
beats/min. mm/Hg 

During first 
min. of vagal 
stimulation 
beats/ min. mm/Hg 

After vagal 
stimulation 
beats/min. mm/Hg 

1 15.7 

Heart rate 

216 


72 


240 



Pulmonarv venous pressure 


4.0 


14.S 


4.5 


Heart rate 

ISO 


60 


200 



Pulmonarv artery pressure 


12.S 


9.3 


12.S 

2 IS.G 

Heart rate 

144 


72 


144 



Pulnionarv venous pressure 


5.0 


9.5 


O.ii 


Heart rate 

144 


48 


130 



Pulmonary artery pressure 


16.0 


14.0 


17.3 

3 24.2 

Heart rate 

ISO 


72 


ISO 



Pulmonarv venous jiressure 


6.3 


11.3 


6.3 


Heart rate 

ISO 


72 


ISO 



Pulmonary artery pressure 


20.0 


18.0 


19.S 

4 20.0 

Heart rate 

168 


60 


IGS 



Pulmonarv venous pressure 


9.0 


13.8 


5.0 


Heart rate 

168 


60 


180 



Pulmonary artery pressure 


16.3 


15.3 


IV. o 

AvcT.-ige 

Heart rate 

178 


69 


1S3 



Pulmonarv venous pressure 


6.1 


12.4 


5.3 


Heart rate 

168 


GO 


173 



Pulmonarj’ artery pressure 


16.3 


14.2 


10.9 


with sodium pentobarbital, 30 mg/kg and 
No. 10 radio-opaque whistle-tipped ureteral 
catheters were put into the jugular vein and 
carotid arterj-. The catheters were passed 
into the pulmonarj- arterj' and pulmonarj’ vein 
respectively with fluoroscopic aid. A small 
cannula was placed in the thoracic cavity and 
intrathoracic, pulmonary artery and pulmon- 
ar}’ vein pressures were recorded with standard 
resistance wire pressure transmitters (Statham 
strain gauges).! A more detailed description of 
the technic employed was reported elsewhere.* 

Femoral arterial pressure was measured 
with a mercurj' manometer, and jugular ven- 
ous pressure was measured with a manometer 
filled with 5% sodium citrate. Heart rates 
were counted from the pulmonary arterj' pres- 
sure records. Integrated mean pulmonarj' 
vascular and intrathoracic pressures were 
measured with a compensating polar plani- 
meter. and all pulmonarj- pressures reported 
herein are e.vpressed in relation to intrathor- 

f StatUam Laboratories, 932S Saota Monica 
Blvd., Beverly Hills. Calif. 

•* Iladdy, F. J., Campbell. G. S., Adams, W. L., 
and Visseber, M. B., Av\. J, Physiol,, in press. 


acic pressure as zero. -All dogs had an in- 
dwelling tracheal cannula. 

-A Harvard inductorium was used for fara- 
dic stimulation of the cardiac ends of the cut 
vagus neiv’es and acetj-lcholine and/or ace- 
tj'l-beta-methj’lcholine were also employed in 
order to produce bradj'cardia. 

Results and discussion. Faradic” stimula- 
tion of the cardiac ends of the cut cervical 
vagi was emploj-ed to produce cardiac slow- 
ing to one-half or one-third of the control rate. 
There was a prompt elevation of mean pul- 
monarj’ venous pressure, and a smaller fall 
in mean pulmonarj- artery pressure. Details 
of these obser%-ations are presented in Table 
I. The average values for the 4 dogs studied 
show a 6.3 mm Hg rise in integrated mean 
pulmonarj- venous pressure concomitant 
with the slowing of the heart rate from 
1 78 minute to 69/minute. Simultaneouslj- 
with the acute bradycardia in the same dogs 
the pulmonary artery pressure was lower^ 
2.1 mm Hg, It may be noted that in Dog 
Xo. 1 the integrated mean pressure recorded 
was higher in the pulmonarj- vein than in 
the pulmonary arterj-. Several factors com- 
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Discussion. Since the original description 
of filamentous and sperm shaped virus par- 
ticles^"'* as contrasted with the spherical ones 
present in allantoic fluid and water we have 
been puazled about the shape of the virus 
under physiological conditions. This is of 
practical interest in any attempt to study the 
virus in cells. Two things now seem to be 
fairly clear. First, the*'virus is probably 
spherical when present in solutions of physio- 
logical concentrations. This fully explains 
our previous failure to detect a change in 
shape by direct measurements of viscosity, 
light scattering and double refraction of flow.® 
However, it also seems clear that a change 
in shape will occur in hypertonic salt solutions, 
for elimination of the salt from tlie solution 
returns the virus to its previous shape if it 
has not been fixed by osmic acid.^ To the 
following e.xtent then the filamentous and 

t JJcceiit • electron microscope observ.itions by 
Elford ci ah, Srii. J. Exp. Path., 1948, 29, 590, 
also indicate the presence of an osmotic membrane 
around tlie virus of Isowcastlc disease. We arc in 
essential agreement with tlicir results. 


sperm shaped virus particles are artifacts. 
They are formed by the increasing hsperton- 
icity of the salt solution when it dries on the 
formvar screen. The3'- are, however, real in, 
that they probably exist in free solutions of 
somewhat h\'pertonic concentrations. They 
are at least roughly as active as the spherical 
forms, and do not lose activity any more 
rapidly than the spherical forms in water or 
physiological saline. 

Snmtnary. In 4 separate experiments it has 
been shown that the virus of Newcastle disease 
of chickens probably has a spherical shape 
when in wafer or .8% saline. If the concen- 
tration of saline is increased to two per cent 
or more the virus becomes filamentous. It 
may’' be fixed with osmic acid at this concen- 
tration and will then retain its shape when 
placed in water. It reverts to the spherical 
form when replaced in water without previous 
fixation. No loss of infectivity was detected 
during these changes in concentration of 
saline. 

Beccived April 1, 1949. P.S.E.B.M., 1949, 71. 


17076. Effect of Acute Bradycardia on Pulmonary Vascular Pressures in 
Anesthetized Dogs.* 

Gilbert S. Campbell, Francis J. Haddy, and IVI. B. Visscher. 

From the Department of Physiology, University of iCinnesota, Minneapolis. 


PuImonary'^ edema, congestion and hemor- 
rhage were reported in guinea pigs subjected 
to increased intracranial pressure; however, 
bilateral cervical vagotomy prior to elevation 
of intracranial tension resulted in a si.gnifi- 
cantly lesser degree of pulmonary pathology.’ 
Luisada and Sarnoff- employed massive, rapid 
venous infusion in dogs simultaneously with 
vagal stimulation and concluded “electrical 
stimulation of either the cardiac end of the 

* This work was supported by a grant from the 
Life Insurance Medical Eesearcli Fund, 

iG.'unpbcll, G. S., and Visscher, M. B., Jm. J. 
Physiol., in press. 

2 Luisada, A. A., .and Sarnoff, S. J.. Jm. Deart 
J., 1946, 31, 282. 


cut vagi or the intact nerves favors pulmon- 
ary edema by' causing extreme bradycardia”. 

The present authors® have reported brady- 
cardia, decreased cardiac output, a significant 
rise in pulmonary venous pressure and pul- 
monary edema in dogs subjected to increased 
intracranial pressure. Intravenous adminis- 
tration of atropine after induction of the 
changes listed above as following maintained 
elevation of the intracranial pressure, re- 
versed those changes, and significant pulmon- 
ary' edema did not occur. 

Methods. Mongrel dogs were anesthetized 

3 C.nmpbolI, G. S„ H.iddy, F. .T.. Ad.inis, V. L., 
and ViEsehcr, Jf. B., Am. J. Physiol, in press. 
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sulfasuxidine was added, failed to grow nor- 
mally and developed a normocytic anemia.^ 
Following treatment with a highly purified 
anlipernicious anemia liver extract, growth , 
was resumed and. after a definite although not 
marked reticulocytosis, the blood returned to 
normal. This observation has been con- 
firmed by Cunha ct air However, ^^'elch et 
al? fed a similar diet to two 63 day old pigs 
and failed to observe either retardation of 
growth or anemia. Cunha ct al. reported that 
the development of the anemia was prevented 
by the administration of pteroylglutamic acid 
and, to a lesser extent, by antipernidous an- 
emia liver extract. 

More recently it has been demonstrated in 
this laboratory^-"’ as well as by Welch and 
Heinle,'"’"^ that swine fed a similar purified 
casein diet supplemented with sulfasuxidine 
to which a folic acid antagonist is added, de- 
velop severe macrocytic anemia, leukopenia, 
slight thrombocytopenia and hj'perplasia of 
the bone marrow. In the bone marrow there is 
an increase in immature nucleated red cells 
which, furthermore, resemble the megaloblasts 
seen in the marrow of patients with pernicious 
anemia. This anemia responds rapidly to the 
administration of pteroylglutamic acid. Puri- 
fied liver extracts manifest some hemopoietic 
activity in such animals but the activity is 
considerably less than that of pteroylglutamic 
acid.'*-' 

The purpose of the present study was to 
determine if our original obsen-ation could be 

-Cunlm, T. .T.. Colby. R. W., Bustad, L. K., 
and Bone, 3. F., ./. .Vnfnfioa, 1948, 30, 215. 

WeUh, D., Hoinie, R. W., Sharpe, O., 
George, W. L., and Epstein, M., Peoc. Soc. Exp. 
Biol. .\s-d Med., 1047. O."*, 3i>4. 

I Cartwright, G. E„ F.ay, .1., Tattiiiff, B., and 
Wintrobe, M. M., ,7. L»h. and Chn. 3Icd„ 1948, 
:53, .307. 

Cartwricht. G. E., TattiiiK, B., AsUenbrueker, 
11.. and Wintrobe, M. M.. mnod, 1049, 4, 301. 

•■•Hende, R. \V., WeUdi, .\. D., George, W. I.., 
Ep.stein, M., ami Pritchard, .1. A.. Lab. and 
Clin. Med., 1947. 32, 1308. 

■ Welch. A. D., Heiiile,' R. W., PriteUard, J. A., 
and Solis, H., Fed. Proc., l'.)48, 7, 300. 

lleinie, R. \\ ., Welch, .4, D., and Pritchard, 
,T. A., .1. /.oh. and Clin. Med.. 1048, 1647. 


confirmed and, if so, whether the anemia so 
produced differs either morphologically or in 
its response to therapy, from the anemia pro- 
,.duced in swine given a folic acid antagonist. 

Experimental. A total of 75 weanling Ches- 
ter-White 'pigs, 21 to 28 days of age were used. 
The animals were 'divided into three groups as 
follows: 

•Sulfasuxidiuet 


Group 

No. jiig.s 

Tj'pe casein 

CL 

iO 

I 

12 

Purified*' 

o 

11 

42 

Crudot 

n 

III 

21 

J » 

2 


All animals received the following vitamins: 

D. thiamine, riboflavin, nicotinic acid, 
pyridoxine, pantothenic acid, choline and in- 
ositol. In addition, those in group II were 
given pteroylglutamic acid, animals in group 
I ivere givCn paTa-aminobenzoic acid and those 
in groups II and III were given biotin. The 
percentage of casein fed is indicated in Tables 
I and III, F.ull details of the experimental 
methods, the composition of the basal diet and 
the amounts of vitamins administered have 
been given in previous reports.^ '*-'-® 

Results. The hematologic studies in the 12 
animals in group I are presented in Table I. 
.Anemia developed in each instance. The 
anemia was mild (volume of packed red cells 
30 to 35 ml/ 100 ml) in 5 pigs, moderately' 
severe (volume of packed red cells 25 to 30) 
in 4 pigs, and severe (volume of packed red 
cells less than 25) in 3 pigs. The anemia was 
normochromic and in general normocytic al- 
though the mean corpuscular volume was 
greater than 65 Cfi in 4 pigs. Differential cell 
counts on marrow aspirated from the stern- 
um revealed a decrease in the leukocyte- 
erythroid ratio with many' immature nucleated 
red cells present. These cells did not differ 
significantly in their morphologic character- 
istics from those obser\-ed in the marrow of 

* Either Borden's *‘vit:mn«'free’^ e.nsein 

t«r Shffiieid's sjiec'nd akobnl extracted casein.t 
tShefiicId^s Xew Process (Crude) Casein. 
t Kindly furnished by Sharp and Dohme, Inc., 
Philadelphia, Pa., throuj;!j the courtesy of Dr. W. 
A, Feirer. 

» Wintrobe, M. Miller, J. L.. and Lisco, H., 
lJuU, Jtihiis Ilopl'inf! IJosju^ 1940, (57, 377. 
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plicate this measurement, for example, 'the 
catheter aperture opens into the stream of 
blood in the vein and is oppositely situated in 
the arter}'. As a result the kinetic energy fac- 
tor is added to lateral pressure in the first 
case and subtracted in the second. For this 
reason one cannot, without velocity, measure- 
ments or their equivalent, give absolute lateral 
pressure values. It is possible, however, that 
with bradycardia the pulmonary vascular pres- 
sure gradient direction is actual!}'’ reversed in 
diastole. A slow diastolic rise in pulmonary 
artery pressure seen only in this case would 
conform with this interpretation. The maxi- 
mum systolic pulmonar}' arterial pressure is 
greatly increased in bradycardia. 

In one case the cardiac output was meas- 
ured by the direct Fick method before, during 
■and immediately after vagal stimulation. The 
values obtained for the cardiac outputs were 
3.2, 2.0 and 2.4 L. per min. in the 3 
situations in the order named. The systemic 
venous pressures rose 2-6 cm HoO during the 
vagal stimulation periods and the mean fe- 
moral arterial pressure fell slightly although 
the pulse pressure increased. 

In two experiments with acetylcholine and 
one with acetyl-beta-methylcholine adminis- 
tered in such doses as to lower the heart rate 
to a half or less of the control value similar 
changes in pulmonary vascular pressures were 
recorded.. 

The observations recorded herein are entire- 
1}^ in harmony with predictions from classical 
hemodynamics. They are being reported prim- 
arily because they have a bearing on the mech- 


anism of production of pulmonary congestion 
and edema, in states of bradycardia. In one re- 
spect the effects of acute vagal stimulation 
appear to differ from the results when com- 
parable bradycardia .occurs gradually after 
increasing the intracranial pressure. In the 
latter case the pulmonary artei}'- pressure rises, 
in contrast to the fall reported herein for acute 
vagal bradycardia. It should be noted that 
when vagal stimulation was continued for 10 
minutes, the bradycardia being maintained, the 
pulmonary artery pressure rose to values above 
the control level. The pulmonary venous 
pressure remains elevated. The mechanism 
of the delayed rise in pulmonary artery pres- 
sure has not been analyzed. It is obvious 
from the obserx'ations reported here that 
simple bradycardia can account for the eleva- 
tion in pulmonary venous pressure seen when 
cardiac slowing results from elevations in 
intracranial pressure. Since in the latter situa- 
tion the ensuing pulmonary edema is correlat- 
ed with the pulmonary venous pressure'' one 
can also link the genesis of the edema with 
bradycardia. 

Snmmary. The bradycardia produced by 
vagal stimulation and by the administration 
of acetylcholine or acetyl-beta-methylcholine 
resulted in an elevation of mean pulmonary 
venous pressure and a small fall in mean pul- 
monary artery' pressure. These observab'ons 
are discussed in relation to the genesis of 
pulmonary edema in situations in which 
bradycardia occurs. 

Received April 4, 194H. P.S.E.B.M., 1040, 71. 


17077. Production of Anemia in Swine Fed Purified Diets and Sul 
fasuxidine.* 


G. E. Cartwright and M. M. Wintrobe. 

llcilicitie, CoVege of McHicinc, Univrmity of Vliili, Salt La1:e ( ity. 


From the Department of 

In 1946 it was reported from this labora- 
tory^ that a pig maintained on a diet in -which 

* Aided Ry a gr.mt from the United States 
Public Health Service and tlie Upjoliii Conipany, 
Kalamazoo, Mich. 


purified casein (Borden’s Labco “vitamin- 
free”) was substituted for crude casein (Shef- 
field’s iVew Process) and to which 2 pe r cent 

plireys, S., .T. T.ah. and Clin. Hfed., 1,046, SI, 423. 



Anemia in Sivine 


57 


TABLE III. 


Hoiiiatologic Oljscrvatioiis in Pigs Eccciving Crude Casein. 
(Groups II and HI). Matlicniatieal Averages and Banges. 


Dietary 

casein, 

% 


Group II 



Grou]) III 


No. pigs 

VPRC, 
ml/100 ml 

MCV, 

c.pL. 

No. pigs 

VPRC, 
ml/100 ml 

MCV, ' 

26 

10 

42.0 

53 

5 

37.3 

58 



(39-47) 

(51-03) 


• (31.41) 

(57-63) 

18 

10 

37.1 

50 

10 

29.7 

58 



(34-41) 

(50-62) 


(25-37) 

(51-02) 

10 

OQ 

33.7 

o5 

6 

24.6 

oG 



(34-40) 

(49-65) 


(21-32) 

(51-03) 


Group II received ptcroylglutaniic acid and no suifasuxidine. 

Group III received no pteroylglutamic acid but were given suifasuxidine. 
VPRC refers to volume of packed red cells. 

MCV refers to mean corpuscular volume. 

Figures in parentheses represent range. 


acid antagonist, it has also been found that 
pteroylglutamic acid deficiency develops more 
rapidly on a diet low in protein.^' 

There were certain dissimilarities between 
the anemia produced on a crude casein diet 
and the anemia produced on the diet contain- 
ing purified casein. No anemia (volume of 
packed red cells greater than 35 ml/IOO ml) 
was present in 6 (29 per cent) of the pigs fed 
a crude casein diet. The anemia when it de- 
veloped was mild (volume of packed red cells, 
30 to 35) in 4 pigs (23 per cent), moderatelj' 
severe (volume of packed red cells, 25 to 30) 
in 8 (38 per cent), and severe (volume of 
packed red cells less than 25) in only 2 (10 
per cent) . Thus the anemia was not produced 
as consistentlj’, nor was it as severe, as in 
pigs fed the purified casein. It developed 
somewhat more slowly and when present, was 
normocytic. Furthermore, after the develop- 
ment of anemia in the animals fed crude casein 
in each instance reticulocytosis appeared spon- 
taneously and this was followed by the com- 
plete disappearance of the anemia (Fig. 1). 
The reticulocytosis was gradual in its de- 
velopment and persisted for several weeks, 
giving a low, flat curve. sharp peak, such 
as follows the administration of pteroylglu- 
4amic acid (Fig. 1), was not observed. The 
degree of reticulocytosis varied from 6 to 23 
percent and usually reached 10 to 15 per 
cent. 

Sumtiiary, pjgs maintained on a diet in 


which purified casein was substituted for crude 
casein and to which 2 per cent sulfasu.xidine 
rvas added developed anemia which responded 
partially to purified liver extract and complete- 
ly to pteroylglutamic acid. This anemia re- 
sembles that which has been produced in pigs 
given a folic acid antagonist. 

Pigs maintained on a diet containing crude 
casein and to which 2 per cent suifasuxidine 
was added developed less pronounced anemia 
which disappeared spontaneously. 



Fio. 1. 

Pig 9T2 (Group III) received crude c.isein 
(12%). Xote the dcvelopnicnt of ancmi.T and tlie 
spontaneous reticulocytosis with relief of the ane- 
niia. Pig f)-C0 (Group I) received purified casein 
(12%). Note the persistent anemia and the rapid 
rc.spouse with a sharp rctioulocytc peak which fol. 
lowed the administration of pteroylglutamic acid. 

Received -April 4, 1949. P.S.E.B.M., 1949, 71 . 
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tj . . • . TABLET. 

Hematologic Observation in Pigs Bceeiving Purified Casein ami Sulfasuxi^in. (Group I). 


Pig 

No. 

C.asein 
in diet, 

Pay of 
exper. 

BBC 

millions 

per 

c.niin. 

9-31 

IS 

13.5 

3.70 

32 

18 

200 

3.93 

52 

26 

136 

5.19 

53 

26 

85 

5.64 

06 

12 

130 

3.57 

07 

12 

ISO 

4.67 

69 

IS 

130 

3.03 

10-60 

26 

190 

4.68 

6S 

26 

190 

4.15 

09 

26 

139 

4.52 

71 

26 

153 

4.60 

82 

20 

94 

5.13 


Hgb. 




gn>. 

TPEC 

31CV, 

iccj 


inl/100 ml 


77 

6.6 

21.0 

57 

IS 

9.4 

28,0 

71 

24 

10.4 

30.5 

59 

19 

9.0 

30.0 

54 

10 

8,1 

24.5 

69 

23 

10.1 

30.0 

64 

oo 

6.9 

19.5 

04 

23 

12.4 

34.8 

- 74 

26 

11.3 

32.0 

77 

27 

.0.1 

2S.2 

02 

29 

9.2 

28.0 . 

63 

21 

9.9 

29.6 

58 

19 


HCHC, 


.SI 

34 

.S3 

33 

33 

34 
3.1 
30 
3.5 
S2 
33 
33 


^ TR'C refers to volume of packed red cells; MCV refers to mean corpuscular volume; MCH 
refers to mean corpuscular liemoglobhi; MCHC refers to mean corpuscular komoglohin con* 
centration. 


TABLE II. 

Bespoiise of the Anemia in Gi oup I to Pteroylglutaiiiic Acid (PGA) niul Liver E.Ntrart Tlierap.v. 


Before tlierapy 


After tlierap.v 


Pig 

No. 

SullStillK'C 

Hose 

VPPC, 
mI/100 ml 

Reties, 

% 

Retie peak 

% day 

Vol. pkd. RBC 

- ^ 

m!/100 ml day 

9-31 

PGA 

50 mg 

24.5 

0.6 

0.4 

H 

37,0 

17 

32 

PGA 

50 mg 

28.0 

0.8 

3.6 

4 

42..5 

in 

66 

PGA 

50 mg 

24.5 

1.0 

16.0 

5 

44.0 

14 

67 

PGA 

50 mg 

30,0 

1.0 

11.8 

B 

40,0 

18 

69 

PGA 

50 mg 

19.5 

0.2 

8.0 

7 

39.5 

14 

10-66 

PGA 

20 mg 

3.5.0 

2.0 

6.0 

7 

45.5 

14 

68 

Liver extr.* 

130 u 

32.0 

0.8 

5.0 


4S.0 

28 

69 

)! !t 

150 u 

28.2 

2.0 

8.0 

5 

35.0 

14 

69 

PGA 

20 mg 

31.0 

0.8 

12,0 

5 

4.5.5 

21 

71 

Liver extr,* 

75 u 

27.0 

2 2 

C.O 

C) 

37.0 

14 

71 

PGA 

20 mg 

35.0 

Lo 

14.0 

5 

42.0 

11 


* Parke, Pavis and Companj-, 15 U.S.P. units per ml, 
u refers to U.S.P. units of liver extract. 


pigs receiving a crude methyl folic acid an- 
tagonist.'*'" However, in general the changes 
were not as marked. 

The results of therapy wth pteroylglutamic 
acid and with liver extract are presented in 
Table II. The administration of pteroylglu- 
tamic acid resulted in a significant reticulo- 
cytosis and a rise in volume of packed red 
cells to normal. The administration of liver 
extract was followed by a slight reticulocy- 
fbsis and a. significant although suboptimal 
rise in' volume of packed red cells. In two 
of the pigs so treated the administration of 
pteroylglutamic acid resulted in a second re- 
ticulocytosis and a further increase in the 
volume of packed red cells. 


The hematologic studies in the animals in 
groups II and III are presented in Table 
III where are compared the volumes of 
packed red cells and the mean corpuscular 
volumes of pigs fed various proportions of 
crude casein with and without pteroylglu- 
tamic acid and sulfasuxidine. It is clear from 
these data that, like the animals receiving 
purified casein (group I, Table I), the in- 
clusion of sulfasuxidine in a pteroylglutamic 
acid-“free” crude casein diet also resulted in 
the development of significant anemia (group 
III). The anemia was comparatively more 
severe in the pigs fed casein at a 10 per cent 
level than in those receiw'ng a diet containing 
26 per cent casein. In animals given a folic 
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Iiitnicavitiiry jiotontijils rwordoil simultaneously 
witli a (Iduliie Uinien (•!itl\etei- in light ventricle. 
VlUMn- tracing was recorrtert witli saline as con- 
ductor. lower with usual wire electrode. Form of 
normal and premature heats are identical. Re- 
touched for publication. 



Fio. 3. 

Iniury in man jirnduoed by pre.ssure of tip of 
double lumen catheter against tiie endocardium of 
the right ventricle. .\s the catheter is withdrawn 
injury current.s disappear. The upper curves were 
obtained rvith the saline in one lumen as a con- 
ductor. l.owcr curves were recorded from an in- 
dwelling wire which extended to tlie tip of the 
second lumen. Note greater ST elevation in the 
up]ier record. 

riifftrenccs in contour occurred, due to slight 
rlifferences in the spatial orientation of the 
wire electrode tip and the opening of the 
catheter within the heart. For example, in 
one patient (Fig. 3) the wire electrode trac- 
ing shewed definite S-T elevation whereas the 
open catheter tracing showed more m.arked 
S-1 elevation, indicating greater currents of 
in.'ury a; its tip, presumably produced by the 


open end of the catheter resting squarely 
against the endocardium.^ Identical records 
were obtained when the catheter was avilh- 
drawn less than 1 cm. Similarly, simultaneous 
tracings were also- recorded at different levels 
in the right ventricle, right atrium, and su- 
perior vena cava. 

Although contour was similar, there was a 
difference in the amplitude of the complexes 
when the same standardization was used. Con- 
sistently, the tracings were larger when re- 
corded through the usual wire electrode, due 
to the greater resistance of saline or blood." 
Since the calculated specific resistance of 
physiological saline at 25°C is approximately 
65 ohm cm® and that of copper ivire 1.7 X 
10 *' ohm cm, this difference in amplitude is 
quite understandable. 

There are certain precautions to be ob- 
served if satisfactory intracavity tracings are 
to be recorded from the single lumen catheter 
without use of a wire. .Alternating current in- 
terference is frequently encountered and 
means should be taken to eliminate it. Small 
a-c voltage is easily picked up from nearby 
alternating current circuits or machines. A 
loose connection or a high resistance at the 
junction at the arm end of the catheter be- 
tween the saline and the adapter wire favors 
a-c disturbance. Extreme care must also 
be taken to keep the operative field dry. If 
the arm end of the catheter is in contact with 
a damp field, the electrical potentials recorded 
will be a summation of that arm's potential 
and the intracavitary potential subtended by 
the tip of the catheter. Thus, we have pur- 
posely converted a typical intraventricular 
electrocardiogram to a left arm unipolar trac- 
ing by simply placing the arm end of the cath- 
eter electrode connection in contact with a 
saline-saturated towel on the patient's left 
arm. 

There are certain advantages in the use of 
this technic. A single lumen catheter can 
thus be used to obtain blood samples, pressure 

1 Hclb-rstvin, H. K., nnd Katz, L. X.. .Im. IJcnrt 

WiS. 3«, 1S4. 

-Kaufman, W., and .Taliustou. F. D., Jm. JJrart 
.1.. ItMS, 20, 42. 

Mai-Dnugall, F. H., I’liy.sieal Chemistrv. Xcw 
York, Macmillan Co., 1P47. pji, 4liS. 47.7. 
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17078. Recording of Intracavity Potentials Through a Single Lumen, Saline 
Filled Cardiac Catheter. 

H. K. Hellerstein,* W. H. Pritchard, and R. L. Lewis. 

From the Department of Medicine, Lakeside Hospital, TTesteni Leserve University School of 

Medicine, Cleveland, Ohio. 


The purpose of this report is to present a 
simple new technic whereby the electrical po- 
tential within the human or experimental 
animal heart can be accurately recorded using 
a single lumen catheter instead of the usual 
indwelling mre conductor type of catheter. 
The column of blood or saline in the catheter 
acts as the linear conductor to transmit elec- 
trical currents arising in the heart. 

Apparatus and methods. The technic re- 
quires a simple electrode attachment con- 
sisting of a 2-4 cm length of silver or German 
silveh wire, an adapter to fit into the arm end 
of the catheter, and an ordinar}^ battery clip. 
Two models are illustrated (Fig. 1) Both 
produced identical records. Since a secure 
junction is essential for tracings free from 
artefacts, -the model with the metal adapter is 
recommended for general use and especially 
whenever high intracatheter pressures e.xist 
as in retrograde arterial catheterization of the 
left side of the heart, or in right heart cathe- 
terization of patients with pulmonary hyper- 
tension. 

The catheter is passed in the usual fashion 
into the cavity of the heart and is kept patent 
with a slow drip of heparinized physiological 



vritli rubber eeiitcr core. Thiougli e.nch .adapter .a 
Gei-maii siJver -nire is passed to pro.jeet 2-4 cm. 
into the s.aline filled lumen of the arm end of the 
catheter. Exploring terminal of ECG is con- 
nected to battery clip. 

Ecliow of the Xationa! Institute of He.alth. 


saline or glucose. To obtain intracavity po- 
tentials, the above described electrode at- 
tachment is connected to the open arm end 
of the catheter. The e.xploring terminal oi 
the electrocardiograph is connected to the 
battery clip of this electrode, and Wilson’s 
central terminal serves as the indifferent elec- 
trode. The standardization has been .so adjus- 
ted that 1 millivolt causes a deflection of 0.8 
to 1.2 cm. A radio amplifier type of electro- 
cardiograph is preferred. The electrocardio- 
graphic tracing thus obtained represents the 
potential changes occurring onh- at the tip of 
the catheter. 

There is a certain amount of admixture oi 
blood with the saline in the tip of the catheter. 
We have allowed the catheter to fill with blood 
and compared these tracings with those ob- 
tained with a saline flushed catheter. Hepar- 
inized saline serves as a more satisfactory con- 
ducting medium because, of the lesser ten- 
dency for blood to clot- within the catheter. 
It is our impression that dotted blood has a 
greater resistivity, as reflected by a diminution 
in amplitude of the deflections recorded fol- 
lowing only minor dot formation. .\ study of 
the comparative electrical conductivitj- of ser- 
um, and liquid and clotted blood is planned 
in the immediate future. 

Results. Intracavitj' potentials have been 
satisfactorily recorded in 14 patients by this 
technic. To prove that actual intracavity po- 
tential was being recorded, a double lumen 
electrode catheter was passed into the right 
ventricle. One lumen contained a wire which 
extended to the tip, and constitutes the usual 
cardiac electrode. The electrocardiogram ob- 
tained from this cardiac wire electrode was 
compared with the record simultaneously ob- 
tained from the column of blood or saline in 
the second lumen. In every instance intra- 
cavitary potentials were obtained. In general 
the form of the complexes recorded from eacli 
was identical (Fig. 2). Occasionally minor 
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Pig. 1. Aortie jirossure pulses sliowiiig tl\c cfToct of elosiiig (B) an A-V sliunt on aortic 
pressure and lieart rate. Time, 0.2 sec. 

Pig. 2 and 3. Effc'ct of closing an A-V simnt (A) during stabilization of arterial pressure 
by siimiltiineoHS witlidrawal of blood. Time, 0.2 sec. 

Fig. 4. Effect of opening an A-A' shunt (A) on right atrial pressure (upper) and aortic 
pressure (lower). Time, 0.02 sec. 


initial dose of 75 mg per kilo was followed vessels were first cannulaled and then joined 
l>y 15 mg per kilo every hour. Bilateral by rubber tubing. A hemostat was used to 
anastomoses were made between the femoral open and dose the dreuit thus produced, 
artery and femoral vein of each side. These Optical manometers of adequate sensitivity 
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curves, and intracavitarj^ potentials. Some 
adults and most children have veins too small 
to allow passage of the usual double lumen 
catheter electrode. 

During the procedure of introducing the 
catheter, electrocardiographic tracings from 
the tip of the catheter are valuable in deter- 
mining the e-\act anatomical location of the 
tip. We have found that changes in the contour 
of the P and QRS comple.xes may be a more re- 
liable inde.x of the location of the tip of the 
catheter than either the fluoroscope or the 
pressure curve, especially in the region of the 
lower right atrium near the tricuspid valve, or 
in the coronar}* sinus. 

Summary. A new technic is described 
to obtain intracavitary cardiac potentials 
through the single lumen saline filled cardiac 


catheter without use of the usual copper wire 
electrode. If the exploring terminal of an 
electrocardiograph is connected to the open 
arm end of a column of blood or saline 
in a catheter which has been introduced into 
the cavity of the heart, and if the indifferent 
electrode is connected to a central terminal, 
the completed curv'e will represent chiefly 
the fluctuations of intra-cardiac potential at 
the tip of the catheter. 

Prior to submitting' tliis mficla for jnihlicnlioii 
we were unaware of flie report of Kiscli ct a!., 
J. Ml. Sinai Tfosp., 1948, 15, 257, wlio ilpscribed 
a similar tcelmie altliougb lie advocates tlie iii- 
troduction of a tliin wire into tlie catheter to avoid 
a.c. interference. 


Pceeived April 5, 1949. P..S.E.B.M., 1949, 71. 


17079. Reflex Modulation of Heart Rate on Closure and Opening of an A-V 
Fistula.*! 

Iftakhar jAHAN.f (Introduced by C. J. Wiggers.) 

From the Department of Physiology, Western Reserve University Mcdicnl School, ClcvclanS, 0. 


Branham' described the well known slowing 
of the heart rate which ensues upon temporary 
obliteration of an A-Y fistula by digital com- 
pression. The reverse phenomenon, viz., in- 
crease in heart rate, also takes place when 
the pressure is released. That the vagus nerves 
are the efferent pathway of the reflex arc 
responsible for this reaction has been demon- 
strated by Weber,- Lewis and Drury,*-' and 

* Supported by a grant from the Life Insurance 
Medical Beseareb Fund. 

t Condensed report of thesis submitted in par- 
tial fulfillment of requirements for an M.S. de- 
gree, IVestern Eeserve University Medical School, 
Cleveland, Ohio. 

t Indian Government Fellow in Pliysiology. 

iBranliam, H. H., Internat. J. Snrg., 1890, S, 
2S0. 

2 Weber. A., Mmchen mcd. Wchnschr., 1917, 
<54, 409. 

3 Lewis, T.. and Drury, A. X., Reart, 192.-5, 10. 
301. 

4 Lciris, T., and Drury, A. X., Rcart, 1923, 10. 
3C5. 


Holman,* by use of atropinization techniques. 
While it is logical to infer that the sinus 
and aortic nerves constitute the afferent arcs 
from the arterial side, the possibility that 
afferents from the venous side may also be 
concerned has not been e.xcluded. Since closure 
of an A-V fistula causes a fall, and opening a 
rise of central venous pressure,® such changes 
in pressure could evoke reflex alterations in 
heart rate if the Bainbridge reflex is operatii'e. 
The question as to ivhich afferent pathways 
are dominantly and subdominantlj^ concerned 
was therefore resubmitted to e.xperimental 
study. 

Method. Dogs varying in weight from 10 
to 12 kilos were anesthetized with chloralose 
because this anesthetic increases the sensi- 
tivity of the cardio-inhibitory mechanism, 
wherebj-^ the vagal tone is well maintained. An 

E., .fnn. Siirg., 1.924, ,80, 801, 

cHeringman, E. C., D.ivis, D. A., .and Rives, 
J. D,, Pnop. Soc. Exe. Btof.. xxn Mr.n., 594.'., 00. 
371. 
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lishing the existence of such a reflex in a 
crucial way. Had a material fall of right 
atrial pressure taken place in these experi- 
ments while arterial pressure was kept from 
rising, no one would have contested the con- 
clusion that the Bainbridge reflex is responsi- 
ble for the degree of slowing shown in Fig. 
2 and 3. Having unwittingly devised an ex- 
periment in which neither right atrial nor 
arterial pressure altered significantly, it be- 
comes apparent that these changes in heart 
rale must be attributed to still a different 
factor. 

The pos.«ibility has been suggested®-'* that 
differences in pulse pressure, aside from 
alterations in mean arterial pressure, may 
operate to cause reflex alteration in heart rate. 
However, this factor is also excluded in the 
curves of Fig. 2 and 3. in which the pulse 
pressure likewise remains unaltered before the 
heart rate slows. In short, the slight sub- 
sidiary changes in heart rate which are still 
found upon compression of an A-V fistula 

Brnnk, D. W,. IJnrvcy Lrc., 1034, 29, Ol.l. 

“McCrca, F. D., and Wiggcrs, C. .1., Jni. J. 
Phtimnl., 103.3. 103, 417. 


remain undetermined. 

Summary. An attempt was made to de- 
termine whether reflexes other than those from 
arterial pressor receptors are concerned in 
modulation of the heart rate when an A-V 
fistula is closed or opened. In dogs under 
chloralose anesthesia, bilateral A-V shunts 
were established between femoral arteries and 
veins, one of which being so arranged that 
blood could be drained from the animal from 
the arterial side during closure of the shunt 
in an amount sufficient to stabilize arterial 
pressure at a fairly constant level. 

In such e.xperiments it was found that slight 
slowing of the heart rate still occurs on closing 
a shunt even when arterial pressure falls a 
little and the pulse pressure is unaffected. Since 
supplementary e.\periments of a similar type 
failed to reveal significant changes in right 
atrial pressure, changes in central venous 
pressure were also excluded. These experi- 
ments call attention to the difficulty of estab- 
lishing the operation of the Bainbridge reflex 
in a crucial manner. 

icTcived .April 0, 194S. P.S.E.B.M., lP4f>, 71. 


17080. A Newcastle Disease Virus (NDV) Hemolysin. 

Lawrence Kilhaxi. (Introduced by E. Jungherr.) 

From the Department of Fpiflrmiologp, Jlarrartl School of Puhlic JlcaUh. 


The first obseri^ations of a virus hemolysin 
were those by Morgan. Enders. and lYagley^ 
in regard to mumps virus. .Vn hemolysin asso- 
ciated with Newcastle Disease Virus (NDV) 
has not hitherto been described, although its 
presence has been observed.- The methods 
employed in the present investigation were 
modifications of those described by iMorgan 
ct al.‘ 

Dr. Erwin Jungherr kindly supplied the 
California strain of NDV (no. 11.914) used 
in ail experiments. Infected allantoic and 
amniotic (.•\.-\) fluids were har\-ested together 

t Morgnii, ]f. I?.. Enders, .7. F., nnil Wagley. 
F. F.. .1. Fj,,. Hea., 1P4S, 88. .30.3. 

-' t Inrmnii, A. 1... person.-ii eoinnmiiie.itjon. 


36 hours after intra-allantoic inoculation of 
10-day-oId embryonated eggs with ND\'. .A 
single pool of fluids, stored in CO,; ice. was 
used throughout. In hemagglutination (H.A) 
tests. 0.5 cc of 0.25% hen erythrocx’tes was 
added to an equal amount of each virus dilu- 
tion. Readings were taken after hours at 
room temperature. Two per cent cells were 
used in hemolysis (HL) tests which were 
incubated for 2 hours at 37°C. E.xcept for 1 
test run at pH 6 (Table I), all dilutions were 
made in isotonic phosphate buffer pH 7.2. 

Some properties of the NDV hemolysin are 
illustrated in Table I. Hemagglutination arid 
hemolysis tests run on the original .\.\ fluids 
served as controls. These were of especial 
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and' calibrated against a mercuric manometer 
under static conditions were used to register 
aortic pressure pulses. Mean blood pressure 
was determined by planimetry of 3 successive 
heart cycles. 

• Experiments. Control reactions were first 
recorded by simply opening and the closing 
arterio-venous shunts. It was observed that 
there was always an increase in heart rate with 
'fall of arterial pressure on opening the shunts, 
and a lowering of the heart rate with rise of 
arterial pressure on closing the shunts. Fig. I 
illustrates an e.xperiment in which closing of 
the shunts at B caused diastolic pressure to 
rise immediately and the heart rate to slow 
to a pronounced degree. 

In all of these control experiments it was 
found that the change in heart rate on opening 
of the shunts took place within 1 to 5 beats 
(average 1.4 seconds), and maximum slowing 
developed within 3 beats after closure of the 
shunts. The fact that this slowing of the 
heart rate is always preceded by a rise of 
pressure on closing the shunts naturally sug- 
gests that the carotid sinus and aortic nerves 
constitute the afferent pathways. 

To test this hypothesis an effort was made 
tp_ maintain arterial pressure constant after 
closure of the shunts. By repeated trials it 
was found that this could be accomplished in a 
reasonably satisfactory number of e.xperiments 
by inserting a Y-tube into one of the A-V 
anastomoses, through which blood could be 
withdrawn from the animal at the moment 
that the venous limb of the Y was closed. By 
this e.xpedient the animal could be bled from 
the femora! artery at a rate adjusted to 
counteract the normal rise in arterial pressure. 
While it was difficult to maintain an absolutely 
constant level of mean arterial pressure before 
and after closure of the shunts in all cases, 
a sufficient number of records were realized 
in which no changes or only insignificant alter- 
ations in arterial pressure took place. A plot 
of all e.xperiments in which arterial pressure 
rose, essentially remained unchanged, or fell, 
indicated that slowing of the heart rate alwaj-s 
accompanied a definite rise in arterial pres- 
sure. The change in heart rate on .fall of 
arterial pressure was not so uniform. When 


this was less than 5 mm Hg acceleration was 
not a constant feature. In 4-cases moderate 
acceleration was observed^ arid in 6 a definite 
slowing. Two records free from sinus arrhy- 
thmia are reproduced in Fig. .-2 'and 3. In 
both of these the change in heart rate is 
striking]}- small as compared to that shown 
in Fig. 1. Calculation showed that in the 
curve of Fig. 2 a slight slowing of the heart 
rale fakes place without any rise in arterial 
pressure. Actual measurement revealed a 
reduction during period II which would be 
equivalent to 5 beats per minute as compared 
to period I, in spite of a fall in mean pressure 
of 3 mm Hg. In Fig. 3 the slowing is even 
less, being equivalent to tivo beats per minute 
with a fall of mean arterial pressure of only 
1 mm Hg. 

It is tempting to accept the corollary that 
the small changes in heart rate which still 
persist when arterial pressure remains stabil- 
ized is occasioned by the Bainbridge reflex. 
Before this assumption may be accepted, how- 
ever, it is important to establish that venous 
pressure is in fact reduced by closure of a 
shunt. For this reason, several e.xperiments 
were carried out in “open chest” animals in 
which right atrial pressure was recorded by 
an optical manometer. No convincing evi- 
dence of a significant change of right atrial 
pressure was obtained. Fig. 4 shows one of 
the curves obtained on opening the A-V 
shunt. It is obvious that right atrial pressure 
is not significantly affected. Careful measure- 
ments of the original curves revealed a rise 
of pressure equal to 6 mm H:;0 at -A, of 8 mm 
H^O at Z, and no alteration at V. , 

Discussion. In a sense it rvas disappointing 
to find that the .\~V shunts employed in these 
experiments were apparently not large enough 
to cause a sufficient change of right atrial 
pressure to test the operation of the Bain- 
bridge reflex. They do not therefore exclude 
the possibility that such reflexes may operate 
when larger shunts e-xist which apparently do 
cause an elevation of right atrial pressure." 
This occurrence w-as fortunate in another 
way: it pointed out the difficulty of estab- 

“TnoiTiiam^ E.r Kolk, A. C., . Ire //. S,/r// , 
1924. 9, sar. 


A Newcastle Disease Virus Hemolysin 


65 



position that adsorption and elution serve to 
break up aggregates of virus and give greater 
dispersion. Hemolj'tic activity of the super- 
nate could not be tested, since previous hemol- 
ysis resulting from incubation at 37°C 
rendered it unsuitable. 

Inhibition of the NDV hemolysin by 
specific immune sera is demonstrated in Table 
HI. In these tests the original A.\ fluids, 
titrated as in Table I, were used in a dilution 
of 1:32. Paired sera from a hen experiencing 
a natural attack of Newcastle disease and a 
pair of sera from a rabbit immunized w'ith 
NDV, both gave a 64 fold rise of antibod 3 ' 
titer in the inhibition of hemolysin test. Sera 
of 2 rabbits immunized against influenza 
virus, one with the PR 8 strain and one with 
LEE B, and a pair of acute and convalescent 
phase mumps sera were without specific in- 
hibitory action. 

To determine whether the infectiviU' of the 
NDV suspension was associated with the 
hemolytic activity, the A.A fluids were treated 
with 0.2% formalin and incubated over night 
at 4°C. The hemagglutination and hemolysis 
tests showed no decrease in titer when forma- 
lin treated virus was used. An infectivity 
titration was carried out in embryonated eggs, 
using an aliquot of the formalin treated sus- 
pension. The formalin treatment lowered the 
LD-.o end point of the NDV suspension from 
10-9..45 to 10-1. Inoculation of controls in- 
dicated that 0.2 per cent formalin in broth 
was not lethal for embryonated eggs. 

Discussion. Although it is impossible on 
the basis of present data to state whether the 
hemolysin associated with NDV is identical 
with the hemagglutinin or represents a sepa- 
rate factor the behavior of both is more or 
less parallel in the above experiments. This 
parallelism is noteworthj' in regard to ad- 
sorption and elution from red blood cells, the 
response to heating and to lowering of the 
pH, as well as in reaction to erythrocjdes of 
different animal species and the inhibitory 
effect of specific immune serum. Neither ac- 
tivity appears to reflect the infective potency 
of an NDV suspension as judged by the 
action of formalin. The NDV hemolysin 
e.xhibits points of similarity with the hemoly- 
sin associated with mumps virus. However, 
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importance in reading the hemoh-sin (HL) 
tests, as the figures given were arrived at by 
direct comparison with the control tubes used 
as standards of the degree of hemoh'sis 
present. In a 1:8 dilution of the original AA 
fluid, 100^ of the hen erj’throcytes were 
hemolj'zed, only cell stroma sedimenting to 
the bottom of the tube. Heating at 51 °C for 
15 minutes lowered the hemagglutinin and 
hemolysin titers only slightly, but both ac- 
tivities were destroyed after heating at 60°C 
for 8 minutes. The e.vperiments carried out 
at pH 6 were not wholly satisfactory. For 
one thing, hen erythrocytes tend to aggluti- 
nate spontaneously in the absence of virus as 
the pH is lowered, a phenomenon regularly 
observed below pH S. Secondl}', hen hemo- 
globin is apparently altered at pH 6, as it 
becomes brown. Readings of the hemolysin 
were made by adding a small amount of HCl 
to the control tubes, to render the standards 
comparable. With these reservations in 
mind, it would appear the hemagglutination 
and hemolysis by NDV show some decrease 
in titer at pH 6. Sheep and human "0” cells 
gave lower titers in the hemagglutination and 
hemolysis tests than did hen erythrocytes. 
Normal AA fluids gave no hemolysis. 

The l^DV hemolysin can be absorbed and 
eluted from red blood cells as indicated in 
Table II. In these e-xperiments 1 cc of NDV- 
infected A.A fluids was added to 5 cc of a 
10% suspension of hen erythrocytes and the 
mixture centrifuged, after incubation for one 
hour at 4°C. All of the hemolytic and the 
greater part of the hemagglutinating activity 
of NDV was removed from the supernatant 
by adsorption on the erythrocytes as shown 
under A of Table II. The sedimented erythro- 
cytes plus adsorbed virus were then resus- 
pended in buffer and incubated at 37°C for 
2 hours. As indicated under B of Table II 
the erythrocytes recovered by subsequent 
centrifugation were refractory to the hemag- 
glutinating and hemolytic activity of a fresh 
virus suspension. Tests on the supernatant 
fluid using fresh erythrocytes demonstrated 
that NDV had eluted, for the hemagglutina- 
tion tiler was even higher than in the original 
AA fluid. This elevation of hemagglutination 
titer has been explained by others^ on a sup- 
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17081. Effect of Pregnancy on the Rat Ovary Transplanted to the Spleen.* 

Gerson R. Biskikd and Bernard Kordan. 

From the Dc|)ar(meii< of Pathology, Mount Zion Hospital, and the Division of Pathology. 
University of California Medical School, San Francisco. 


The response of the ovary of rats to en- 
dogenous hormones, when it is placed in the 
portal circulation by means of intrasplenic 
transplantation, differs greatly from that of 
the ovary that is in its normal position. If 
the animal is a castrate, the intrasplenic ovary 
shows a continuous formation of new follicles 
which luteinize. The corpora lutea do not 
involute, and from them a neoplasm may ulti- 
mately develop.^ - If the animal is a uni- 
lateral castrate, the intrasplenic ovary atroph- 
ies after a period of 24 days, but this atrophic 
ovary assumes active growth as soon as the 
normal ovary is removed,^ It is probable that 
when one ovary is intact and the other is 
transplanted to the spleen both are receiving 
the same hormonal influences through the 
systemic circulation. The normal ovary shows 
the compensatory hypertrophy that custom- 
arily follows unilateral castration, while the 
intrasplenic ovary simultaneouslj' is undergo- 
ing severe atrophy. That the splenic pulp 
does not interfere with growth is proved by 
the appearance of follicles and corpora lutea 
in the intrasplenic ovary and its progressive 
enlargement, immediateh' following the re- 
moval of the normal ovary.® 

The present investigation is a related study 
on the effect of the endogenous chorionic gona- 
dotrophic hormones of the rat on the normal 
and on the intrasplenic ovary. Young adult 
female rats of the Long-Evans strain were 
employed. The left ovary was removed under 
ether anaesthesia through a lumbar approach 

* This investigation was supported in part by a 
research grant from the Katinnal Cancer Institute 
of the National Institutes of Health, U. S. Public 
Health Service, and in part by a grant from the 
United States Vitamin Corporation. 

1 Biskind, >t. S.. and Biskind, G. E., Pkoc. Soc. 
Exp. Biol, akd Med., 1944, 55, 170. 

2 Biskind, G. R.. and Biskind, M. .S., Am, J. CUn. 
Path., in press. 

3 Biskind, G, R.. and Biskind, M. S., Science, 
194S. 108, 137. 


and cleaned of fat and the tube. The spleen 
was delivered into the wound, and the left 
ovary was placed in a pocket made by incis- 
ing the splenic capsule. j\fter an interval of 
from 40 to 50 days, the rats during estrus 
were placed with males, and all became preg- 
nant. Six animals were sacrificed as soon 
as possible after the litter was delivered; 
nine additional animals were permitted to live 
between 9 and 60 days after the termination 
of pregnancy. Another group of nine animals 
was ovariectomized as soon as possible after 
the litter was delivered and subsequently three 
of these were sacrificed on each of the follow- 
ing days after the birth of the litter; 10, 31, 
and 62. 

Pregnancy had occurred only in the right 
horn of the uterus of each animal. The lit- 
ters were composed of normal young which 
were removed from the mother at birth. In 
the group ovariectomized post partum, the 
right ovary was removed through a right 
lumbar incision, and the spleen was carefully 
e.xamined for adhesions between it and the 
parietal abdominal wall or other organs. A 
complete autopsy was performed on each 
animal. The tissues were prepared in the 
usual manner for histologic study and multi- 
ple sections at several levels of the trans- 
planted ovary were studied. 

The 6 animals that were sacrificed at the 
termination of pregnancy showed a slight in- 
crease in the size of the transplant. Histo- 
logic e.xamination revealed that this was due 
to an increase in the size and number of 
follicles. Many of the follicles were large 
and contained an ovum that was compactly 
surrounded by as many as ten rows of follicu- 
lar cells. A single cross section through a 
transplant often contained as many as 10 to 
15 follicles of varying size. In one trans- 
plant, there was a single small corpus luteum; 
serial sections of the remaining transplants did 
not disclose a corpus luteum. The control 
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TABLE III. 

Inhibition of NDV Hemolysis by Specific Immune Serum. 


Source of serum 

Serum pliase 



Dilution of XDV 



.Serinii 

cont. 

10 

.82 

04 

128 

250 

512 

1024 

2048 

Hen — natural 

Acute 

1* 

O 

3 

3 

3 

3 

3 


0 

Attack with NDt' 

Conval. 

0 

0 

(1 

0 

0 

1 

O 

3 

0 

Babbit — immunized 

Pre-inoc. 

1 

o 

3 

3 

3 

3 

3 

3 

0 

with NDV 

Immune 

0 

0 

0 

0 

0 

1 

f> 

3 

0 

Babbits immunized 

PB8-imniune 

1 

o 

3 

3 

3 

3 

3 

3 

0 

with influenza virus 

LEEB- ” 

1 

o 

3 

3 

3 

3 

3 , 

3 

0 

Mumps patient 

Acute 

1 

o 

3 

3 

3 

3 

3 

3 

0 


Conval, 

1 

o 

3 

3 

3 

3 

3 

3 

0 


^Figures denote degree of licmolysis as compared to control titration. Table II). 


in Other respects, the NDV hemolysin as 
demonstrated above differs from the descrip- 
tion of the mumps virus hemolysin given by 
Morgan et al} especially as regards the effect 
of heat and a lowering of the pH. Whether 
these differences are real or a reflection of the 
fact that the NDV hemolysin is more potent is 
not easy to determine. In our e.\'perience, it has 
been difficult to find a mumps virus hemolysin 
of sufficient potency for comparative tests. 

The fact that hemolysins are associated 
with both NDV and mumps virus, but not 
with influenza virus,^ is of interest in indicat- 
ing a possible affinity of mumps and New- 
castle viruses, as first suggested by Burnet®''* 
in his work on “receptor gradients.” Recent 
demonstration of serologic relationships be- 
tween NDV and mumps virus,® evidenced by 

3 Enders, J. F., Levens, J. H., and Bobbins, 
E. 0., personal communication. 

4 Burnet, F. M., Australian J. Scl, 1945, 8, SI, 


the presence of neutralizing and antihemag- 
glutinating antibodies in nearly half of pa- 
tients convalescent from mumps, lends further 
support to this hypothesis. 

Summary. (1) A hemolysin associated 
with the virus of Newcastle disease is de- 
scribed. (2) The activities of this hemob'sin 
paralleled those of the NDV hemagglutinin in 
regard to adsorption and elution from hen 
erythrocytes, inhibition by specific immune 
serum, inactivation by moderate heating, and 
in its behavior with erythrocytes of different 
animal species. (3) A suggestion is made 
that similarities in behavior between the 
hemolysin associated with NDV and that 
associated with mumps virus are further in- 
dication of possible relationship between the 
2 viral agents. 

sjuiigberr, E., Luginbulil, B. E., .nid Killimu. 
Jj., to be published. 

Keeeivcd April 7, 1949. P.S.E,B,M., 1949, 71. 
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17082. By-passing the ‘Right Ventricle.*' 

S. Rodbakd and D. Wagner. (Introduced by L. N. Katz.) 

From the Cardiovasciaor Department, ^ iTedteal Desearch Institute, and Department of Surgery, 
Michael Deese SospiiaJ, Chicago, III. 


A comparative analysis of the physiologj'^ of 
pulmonary and systemic pressures of the 
several classes of vertebrates indicated that 
the vascular tree of respiratory organs is a 
circuit of very low resistance.^ The pulmon- 
ary arterial pressure was found to be of the 
order of 25, 10 mm Hg in fish, amphibiae, 
reptiles, mammals and birds, while the sys- 
temic pressures varied according to class and 
bod}- temperature.’-" Consideration of these 
data suggested that the vis a tergo for pump- 
ing the venous blood through the lungs might 
be supplied adequately by the venous pres- 
sure. Further, in the presence of a congenital 
or acquired stenosis of the tricuspid or pul- 
monarv' orifice, an atrio-pulmonary shunt by- 
passing the right ventricle might provide a 
means for complete oxygenation of the entire 
venous return. E.\'periments were done on 
acute and chronic preparations to demonstrate 
the feasibility of this procedure. 

Methods and Results. .Acute experiments 
were carried out on 5 dogs anesthetized with 
pentobarbital. .A cannula was placed in the 
left atrial appendage and connected with a 
modified Ludwig Stromuhr. The outflow from 
the stromuhr was via a cannula tied into the 
pulmonary artery so that the blood would 
flow in the direction of the lungs. The pul- 
monary artery was then tied at its origin. In 
this way blood was shunted from the right 
auricle directly to the pulmonary artery with- 
out passing through the right ventricle. Pon- 
tamine-fast Pink BL (150 mg/kilo) or hep- 
arin were used as anticoagulants. 

On connecting the stromuhr, blood was seen 
to flow directly through the glass system. The 
venous pressure, measured in the right auricle, 

• .tided hy tlie A. D. Nast Fund for Cardiovas- 
cular Ri-searcli. 

1 Tliis department is supported in part by tlic 
Micliae! Kecse Rcacarcli Foundation. 

1 Itodb.ard, .S., Bromti, F., and Katz, L. X., .tin. 
Heart .T„ in pro.'s. 

Itodbard, S.. .<ieienec, 1P4S, 108, 413. 


was found to be 9 to 14 cm of saline. On tie- 
ing the origin of the pulmonary artert', the 
right ventricle ballooned out but the dilation 
regressed as the experiment continued. The 
preparations lasted up to one hour. 

Chronic experiments were carried out in 
5 dogs. Under pentobarbital anesthesia and 
using artificial erspiration via an untratracheal 
catheter, the thorax was opened at the third 
intercostal space. The pericardium was open- 
ed \da a longitudinal incision, taking care to 
avoid the phrenic nerve. The right atrial ap- 
pendix was damped by a nontraumatic, 
specially designed C-shaped forceps.* -A 
second C-forceps was used to occlude about 
3 cm of the right aspect of the main pulmonary 
arterj' parallel to its trunk. Using 5.0 
silk on atraumatic needles, the atrial appen- 
dage was brought into approximation and 
anastomosed to the clamped portion of the 
pulmonarj- artery. Minimal bleeding was 
seen on removal of the C-clamps. The peri- 
cardium was closed only partially to prevent 
pericardial tamponade. The thorax was closed 
with linen ligatures. 

The animals showed prompt recovery from 
the operative procedure. -A loud blowing sys- 
tolic murmur was heard over the entire 
thorax, loudest at the apex. Venous pres- 
sures were found to be about 7 cm of saline. 
Fluoroscopy indicated a heart size within 
normal limits. Dogs with these atrio-pul- 
monary artery anastomoses have been observed 
for periods up to t-svo months. They show 
no notable disability. Systemic arterial blood 
pressures recorded with the Hamilton manom- 
eter were about 180/100 mm Hg. 

In one dog, after the anastomosis as describ- 
ed above was completed, the origin of the pul- 
monarj' artery- was tied off almost completely. 
This procedure tended to kink the anastomo- 

{ Machined by Mr. Emil Tiger of the Mich.-iel 
Reese Hospit.al Medic.al Rcse.-irch Institute Work- 
shop. 
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Pkegnancy on Rat 0\'arv Tkanspx.anted to Spleen 


transplants in non-pregnant animals rarely 
contained as many as 5 minute atrophic 
follicles.® 

Animals sacrificed at intervals after the 
termination of the pregnancy showed that the 
transplants decreased in size and became 
atrophic. In 7 instances, thej’’ resembled the 
transplants in the animals with one normally 
situated and one intrasplenic ovary.^ The 
ovarian stroma of each of these groups was 
composed of clusters of small cells that may 
have been thecal cells. Small follicles W'ere 
scattered in the stroma. In 2 transplants 
small corpora lutea w'ere present. 

The animals in the last group had one 
ovary removed at the termination of preg- 
nancy and subsequently were sacrificed at the 
intervals mentioned. The intrasplenic ovary 
grew rapidly and increased in size as early 
as ten daj's after the operative procedure. 
It was composed of developing follicles and 
corpora lutea. At 31 and 62 days after ovari- 
ectomy, some ovaries seemed .larger than the 
corresponding intrasplenic ones described pre- 
viously .-■• It is appareht that when the 
normally situated ovary is removed, the hor- 
monal factors originally described are per- 
mitted to influence the follicular and luteal 
growth. In this instance there may be a 
slightly greater degree of growth of the intra- 
splenic transplant because of the e.xtent of 
follicular growth during pregnancy. 

The results suggest that in pregnant rats 
there is a decided difference in the response 
of the intrasplenic compared to the normal 
ovary. In the non-pregnant rat, the normal 
ovary is hypertrophied, the intrasplenic ovai^' 
is. atrophic. Pregnancy produced the usual 
large corpora lutea in the hypertrophied nor- 
mally situated ovary, follicular growth in the 
intrasplenic .ovary of 5 rats, and corpora 
lutea in 1 rat. .Several hypotheses can be 
adduced to account for these unusual re- 
sponses of the same gonadal tissues in dif- 


ferent sites in the body. The action of the 
■ liver in inactivating the estrogenic hormones 
elaborated by the intrasplenic ovary may play 
a role. Consideration must be given to the 
effect of the ehtrogen secreted into the sys- 
temic circulation by the normally placed ovary 
and its probable limitation of growth on the 
intrasplenic' ovary, either directl.v or by in- 
fluencing the hypophysis. In addition, there 
is an increase in estrogens as well as in pro- 
gesterone during pregnancy which may act on 
the intrasplenic ovary. The production of 
follicular grow'th only in the intrasplenic ovary 
in five out of six animals may be due to the 
increased amounts of chorionic gonadotro- 
phins from the placenta, or to increased hypo- 
physeal stimulation. Further studies to elu- 
cidate this unusual effect are being performed. 

Summary. In 24 rats the left ovary was 
transplanted to the spleen, and between 40 and 
50 da3’s later thej’^ w’ere permitted to become 
pregnant. Six animals were sacrificed at the 
termination of pregnancj'-, and in all the in- 
trasplenic ovary showed distinct proliferation 
of new’ follicles, and only one of these in 
addition contained a corpus luteum. Nine 
animals were sacrificed at intervals up to 60 
days post partum, and in these the intrasplenic 
ovary show^ed progressive atrophy. In an- 
other series, the normal right ovary was re- 
moved at the termination of pregnancy and 
groups of 3 animals were sacrificed 10, 31, and 
62 daj's later. The intrasplenic ovary of this 
series show'ed progressive enlargement with 
the continuous formation of new follicles and 
corpora lutea, and there was no evidence of 
involution of the latter. In this e.xperiment, 
the gonadotrophic hormones of pregnant rats 
produced primarily follicular activitj' in the 
intrasplenic ovary, w’hile simultaneouslj’ in 
the normally situated ovary corpora lutea 
were formed and maintained. 

Received April S, 1949. P.S.E.B.JI., 194.9. 71. 
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Pig. 1. 


A. Cat aniVai Bial aacstlw-sia ("0 mg/kg). TUc cCfccts of 5 >ig ojiiuepUriae iiitravcmnisly 
(injected at arrow) are demonstrated on 1) blood pressure, 2) flow in mesenteric artery, 3) flow 
in renal artery, and 4) flow in femoral artery. Flow rates were determined with tlic Kein 
Tliermostromulir. B. Same animal 30 min. after 1 mg C-7337 subcutaneously. Xote cliief 
effect is “ cpineplirinc rcrersal.” Flow rates qualitatively the same as in A. Time = I miiuifc. 


In mice the LDjoo of epinephrine subcutane- 
ously injected is 7.5 mg. C-7337, 0.03 mg in- 
jected subcutaneously half an hour before the 
epinephrine, permitted a 20% survival; 0.1 
mg administered in the same manner pro- 
tected 40% against the lethal dose of epin- 
ephrine; after C 0.3 mg there was 100% sur- 
vival. 

2. The rise of blood pressure after epin- 
ephrine (0.1-10 ftg) was diminished in cats, 
dogs and rabbits (Dial anesthesia) by doses 
of 0.01-0.03 mg C-7337 intravenously or sub- 
cutaneously and completely inhibited in cats 
and dogs by 0.1 mg intravenously or subcu- 
taneously. The UTiical “epinephrine rever- 
sal" was produced in cats and dogs by doses 
of 0,1 -1.0 mg intravenously or subcutaneous- 
ly (Fig. 1). The epinephrine reversal was 
also observed in rats and guinea pigs and 
in the spinal cat. Despite this inversion, the 
typical effect of epinephrine on blood flow in 
the renal and femora! arteries remained quali- 
tatively unchanged ( Fig. 1 ) . 

3. The sustained vasoconstriction produced 
by constant arterial perfusion of the posterior 
c.stremities of the rabbit with epinephrine 
(10') was decreased 21% by 10 -' C-7337. 
SOri by 10 ’ and 90-100% by l(y« (Fig. 2). 

4. The contractile action of epinephrine (2 


;ig) on the nongravid rabbit uterus iti vivo 
was almost entirely obliterated by 100 /ig of 
C-7337. 

5. The rela.ving effect of epinephrine 
(5 X 10 ') on the isolated ileum of the rabbit 
was diminished approximately 50% by 5 X 
10'' C-7337 and about 65% by 5 X lO"” 
C-7337. 

6. The minimal doses of C-7337 required to 
eliminate salivation in the cat were 50 /xg for 
adrenolysis (3 ^ig epinephrine) and 700 yig 
for sympatholysis (10 second faradization of 
cervical sympathetic nerve). 

The adrenolytic effect of C-7337 (50 fig) 
against 3 jig of epinephrine as a sialogogue 
was complete, but this blocking effect could 
be partially broken through by 10 or 15 ;ig 
of epinephrine. 

7. As a rule higher doses of C-7337 were 
required to produce an adrenolytic and sym- 
patholytic effect upon the nictitating mem- 
brane than upon blood pressure and the 
salivary gland. The retraction of the nictitat- 
ing membrane produced by epinephrine (10 
ng) was almost completely inhibited by 1.0 
mg C-7337; after 10 seconds of faradization 
it was eliminated by 17.7 mg C-7337. 

8. Epinephrine hyperglycemia (50 ng) in 
rabbits was not prevented with doses of 0.15 
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sis. The right ventricle dilated and irregular 
heart action was seen for several minutes. A 
loud systolic murmur was heard post-opera- 
tively. The dog was well for 12 hours, but 
was found dead the next morning. Post mor- 
tem e.xamination revealed a patent function- 
ing anastomosis of 1 cm diameter. 

Discussiou. The acute experiments de- 
scribed above demonstrate that the venous 
pressure may operate as vis a tergo to pump 
at least some of the venous return through the 
lungs without benefit of right ventricular ac- 
tion. This illustrates anew the remarkably 
low resistance of the pulmonary circuit. Ob- 
struction to outflow through the pulmonar}' 
artery results in a momentary damming of 
blood in the great veins until the venous pres- 
sure rises to levels of about 12 cm saline. 
A transmission to the venous presure of 
some of the pulse from the distended right 
ventricle continues because of the resulting 
equivalent of a functional tricuspid regurgita- 
tion. However, it is unlikely that this partici- 
pates in the development of an increased pres- 
sure in the right auricle because of the large 
distensible venous reservoir in free communi- 
cation with the atrium. 

In the chronic experiments with production 
of the atrio-pulmonary shunt, a functional tri- 
cuspid regurgitation is produced because of 


the flow of some of the output of the right 
ventricle via the pulmonary artery anastomosis 
to the right atrium. The amount of this 
regurgitation has not been determined. Under 
normal circumstances the anastomosis results 
in a flow from ventricle to pulmonarj^ artery 
to atrium, especially during the heightened 
pressure of ventricular systole. The possibility 
must be considered that some blood passes 
from atrium to pulmonary artery during dias- 
tole when the pulmonary^ diastolic pressure is 
low, and especially during atrial systole before 
ventricular contraction occurs. Production of 
a stenosis or complete occlusion of the pul- 
monary artery' central to the anastomosis 
forces the flow of blood from atrium directly 
to the pulmonary' artery'. 

Sttmmary. 1. An anastomosis was made 
between , the right atrial appendage and the 
main pulmonary' artery'. 

2. In acute experiments, the venous pres- 
sure was demonstrated to drive venous re- 
turn through the lungs without benefit of the 
pumping action of the right ventricle. 

3. In chronic e.xperiments, the anastomosis 
acts similarly to a tricuspid insufficiency'. No 
deleterious effects’ were seen in the course of 
two months observations on such dogs. 

Received ytarcli 2.f>, 104,0. P..S.E.B.M,, 1040, 71. 


17083 P. A New Imidazoline Derivative with Marked Adrenolj'tic 
Properties. 

Rolf Meier, Fredrick F. Yonkman, Bradford N. Graver, and Franz Gross. 
From the Fescarch Vepartvicnt of Cita, Sasle, StcitzcrJani}, anti Cihn, Summit, A. .7. 


Intense interest in efforts to combat the 
adrenergic predominance associated with vari- 
ous vascular dyscrasias has resulted in the 
development of numerous agents of diverse 
chemical structure, including the hydro- 
chlo'ride of 2- [N-p'-tolyl-N-(m'-hydroxy- 
phenyl) - aminomethyl] - imidazoline (C- 
733f)A"' 

itieselicr, K., to be published. 

2 Meier, R., -Vew rort Arademij of Seienrex, 
1047, in press. 


Toxicity. The acute LD.-,o values (20 rats 
per group) are as follows: Intravenous, 75 
mg,* subcutaneous, 275 mg. oral, 1250 mg. 
brief report of chronic toxicity' studies in dogs 
has been made.’’ 

Specific Sympathetic Blocking Effects I. 

a Meier, R.. Farmacotrrapia Actual, 104.S. 4-1. S4. 

•All doses' rag or ng/hg intr.-iveiiouslv unless 
stipul.-itcd otherwise. 

i Marren, At. R., AVoodburr; R. A., inid Tr.opnld, 
J. H., Fed. Proc.. 1040, 8, 34.1. 
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(injected !il iinow) are domemstrated on 1) blood pressure, 2) (low in mesenterii- arterv, 3) (low- 
in renal rirferj', and 4) (low in femoral artery. Plow rates were determined with the Rein 
Thcrmo.stromulir. B. Same animal 30 min. after 1 mg C-7337 subeiitaneously. Note chief 
efTcct is "epinephrine reversal.’ ’ Plow rates qualitatively the same as in A. Time =: 1 minute. 


In mice the LDjoo of epinephrine subcutane- 
ously injected is 7.5 mg. C-7337, 0.03 mg in- 
jected subcutaneously half an hour before the 
epinephrine, permitted a 20% survival; 0.1 
mg administered in the same manner pro- 
tected 40% against the lethal dose of epin- 
ephrine; after C 0.3 mg there was lOO^o sur- 
vival. 

2. The rise of blood pressure after epin- 
ephrine (0.1-10 /ig) was diminished in cats, 
dogs and rabbits (Dial anesthesia) by doses 
of 0.01-0.03 mg C-7337 intravenously or sub- 
cutaneously and completely inhibited in cals 
and dogs by 0,1 mg intravenously or subcu- 
taneously. The typical ‘‘epinephrine rever- 
sal” was produced in cats and dogs by doses 
of O.I-l.O mg intravenously or subcutaneous- 
ly ( Fig. I ) . The epinephrine reversal was 
also ob.'erved in rats and guinea pigs and 
in the spinal cal. Despite this inversion, the 
typical effect of epinephrine on blood flow in 
the renal and femoral arteries remained quali- 
tatively unchanged ( Fig. 1 ) . 

3. The sustained va.soconslriclion produced 
b}’ constant arterial perfusion of the posterior 
exlremitic.s of the rabbit with epinephrine 
(10 ■) was (lccrca.scd 21% by 10” C-7337, 
50% by 10' and 90-100% by lO” (Fig. 2). 

4. I he contractile action of epinephrine (2 


ng) on the nongravid rabbit uterus in vivo 
was almost entirely obliterated bv 100 of 
C-7337, 

5. The rela.\‘ing effect of epinephrine 
(5 X 10 ') on the isolated ileum of the rabbit 
was diminished approximately 50% by 5 X 
10' C-7337 and about 65% by 5 X lO'" 
C-7337. 

6. The minimal doses of C-7337 required to 
eliminate salivation in the cat were 50 /ig for 
adrenolysis (3 /tg epinephrine) and 700 /ig 
for sympalholysis (10 second faradization of 
cervical sympathetic nerve). 

The adrenolytic effect of C-7337 (50 ;jg) 
against 3 (jg of epinephrine as a sialogogiie 
was complete, but this blocking effect could 
be partially broken through b}' 10 or 15 /ig 
of epinephrine. 

7. As a rule higher doses of C-7337 were 
required to produce an adrenolytic and sym- 
patholytic effect upon the nictitating mem- 
brane than upon blood pressure and the 
salivary gland. The retraction of the nictitat- 
ing membrane produced by epinephrine (10 
;tg) was almost completely inhibited by 1.0 
mg C-7337; after 10 seconds of faradization 
it was eliminated by 17.7 mg C-7337, 

8. Epinephrine hyperglycemia (50 qg) in 
rabbits was not prevented with doses of 0.15 
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sis. The right ventricle dilated and irregular 
heart action was seen for several minutes. A 
loud systolic murmur was heard post-opera- 
tively. The dog was well for 12 hours, but 
was found dead the next morning. Post mor- 
tem examination revealed a patent function- 
ing anastomosis of 1 cm diameter. 

Disaissioii. The acute experiments de- 
scribed above demonstrate that the venous 
pressure may operate as vis a tergo to pump 
at least some of the venous return through the 
lungs without benefit of right ventricular ac- 
tion. This illustrates anew the remarkably 
low resistance of the pulmonary circuit. Ob- 
struction to outflow through the pulmonary 
artery results in a momentary damming of 
blood in the great veins until the venous pres- 
sure rises to levels of about 12 cm saline. 
A transmission to the venous presure of 
some of the pulse from the distended right 
ventricle continues because of the resulting 
equivalent of a functional tricuspid regurgita- 
tion. However, it is unlikely that this partici- 
pates in the development of an increased pres- 
sure in the right auricle because of the large 
distensible venous reservoir in free communi- 
cation with die atrium. 

In the chronic e.xperiments with production 
of the atrio-pulmonary shunt, a functional tri- 
cuspid regurgitation is produced because of 


the flow of some of the output of the right 
ventricle via the pulmonary artery anastomosis 
to the right atrium. The amount of this 
regurgitation has not been determined. Under 
normal circumstances the anastomosis results 
in a flow from ventricle to pulmonary arterr- 
to atrium, especially during the heightened 
pressure of ventricular systole. The possibility 
must be considered that some blood passes 
from atrium to pulmonary^ artery during dias- 
tole when the pulmonary diastolic pressure is 
low, and especially' during atrial sy'stole before 
ventricular contraction occurs. Production of 
a stenosis or complete occlusion of the pul- 
monary artery' central to the anastomosis 
forces the flow of blood from atrium directly 
to the pulmonary' artery'. 

Summary. 1. An anastomosis was made 
between .the right atrial appendage and the 
main pulmonary artery. 

2. In acute experiments, the venous pres- 
sure was demonstrated to drive venous re- 
turn through the lungs without benefit of the 
pumping action of the right ventricle. 

3. In chronic e.xperiments, the anastomosis 
acts similarly to a tricuspid insufficiency. No 
deleterious effects' were seen in the course of 
two months observations on such dogs. 

Received M.arcli 29, 1949. P..S.E.B.M., 1949, 71. 


17083 P. A New Imidazoline Derivative with Marked Adrenolj'tic 
Properties. 

Rolf Meier, Fredrick F. Yonkman, Bradford N. Graver, and Franz Gross. 
From ihe J?c.sc<ire7i Veparivtcnt of Ciba, Basle, Siaitrcrlancl, and Cihti, Siiiinnil, ./. 


Intense interest in efforts to combat the 
adrenergic predominance associated with vari- 
ous vascular dyscrasias has resulted in the 
development of numerous agents of diverse 
chemical structure, including the hydro- 
chloride of 2- [N-p'-to!yl-N-(m'-hydro.\T- 
pheny^) - aminomethyl] - imidazoline (C- 



iJpTrxer, A.,'ajul Ifiesclier, K., to Le published. 

2 Meier, E., -Veic Tori: Academy of Scirncr.t, 
1947, in press. 


Toxicity. The acute LD.-,o values (20 rats 
per group) are as follows: Intravenous, 75 
mg,* subcutaneous, 275 mg. oral, 1250 mg. 
brief report of chronic toxicity' studies in dogs 
has been made.'* 

Specific Sympathetic Blocking Eficcts 1. 

3 Meier, R.. Farmacoterapia AcInnI. 194S. 44, S4, 

♦.All doses nig or yg/kg iiitiviveiimi.dv unless 
stipiilatotl otiicrwise. 

i Wiirrcn, M. R., Woodbui-.v', R. A., and Trapold, 
J. H., Fed. Proc.. 1949, 8, .It,'?. 



17084. Effects of Desoxypyridoxine and Vitamin Bo on Development of the 
Chick Embryo.*" 


W. W. Cravens and Esaiond E. Snell. 

From ihe Departments of Pouttrii Husbandry and Biochemistry, College of Agriculture, 
University of TTisconsin, Madison. 


The usefulness of metabolite analogs in nu- 
tritional and metabolic studies has been dem- 
onstrated by a number of workers. These 
studies have been summarizd by several 
authors.’-^ It appeared logical, therefore, that 
vitamin analogs might be used in studies deal- 
ing, with chemical embryology, and as an ap- 
proach to this problem, a study of the effects 
of desoxj'pyridoxine (2,4-dimethyl-3-hydroxy- 
5-hydroxymethylp3'ridine) on the development 
of the chick embrjm was begun. Otf* has shown 
that this analog is markedlj' inhibitory to 
growth of chicks on diets which contain 
amounts of pt'ridoxine which limit growth, 
and that its effects are overcome by adminis- 
tration of additional pyridoxine. 

While these studies were in progress, .Acker- 
mann and Taylor'* reported the application of 
this technic to the study of the metabolism 
of chick embryos. The analog used by these 
workers. 3-acetj'lpyridine, was found to in- 
hibit embr\'onic development and this inhibi- 
tion could be prevented by nicotinamide. 
Nicotinic acid and tryptophan were much less 
active reversing agents. 

Experimental. The procedure used in in- 
jecting the various compounds into the eggs 
was as follows: With the egg standing on its 
small end, the large end was swabbed with 

* Publislicd vith the npproval of tlie Director 
of the WiseoiKsin Agricultural Exporiiuciit Station. 
We are indehted to iterek and Co., Inc., for gifts 
of desoxypyridoxine. Reported in part at the De- 
troit ineetiiig of the American In.stitutc of Nutri- 
tion, April, 1949 {Fed. Proc., 1949, 8, 380). 

1 Roblin; R. O., .Tr., Chem. Her., 1940, .”18, 235. 
a W oolley, D. W., Advances in Fncumol., 1946, 
«, 129. 

a Wright, D. D., J. J,,,. Diclel. Assn., 1947, 23, 
289. 

i Ott, W. II., Proc. Soc. Exr. Bioi.. .txn Mf.d., 
1940. «1. 125. 

Aekerinann, 1\ . W., and Tai lor, A., Proc. Soc. 
Exr.' Hioi.. .\Ni) Med., 1945, 417'^ 449 


ethanol. A small hole was then drilled into 
the egg through which the compounds were 
injected. A tuberculin syringe and a Xo. 26 
gauge needle approximateh” 1.5 cm in length 
were used for this purpose. The needle was 
inserted into the egg at such an angle that the 
solutions injected were deposited in the al- 
bumen in close proximitj' to the I’olk. It is 
possible that occasionalh'' the yolk was pierced 
b}” the needle but the data presented show that 
control injections of water did not result in 
a significant decrease in hatchability. In the 
first experiments the compounds were dis- 
solved at concentrations which required in- 
jection of 0.2 cc of solution. This amount of 
water injected into eggs prior to incubation re- 
sulted in some decrease in hatchability. One- 
tenth cc appeared harmless, however, and in 
further e.xperiments this volume of solution 
was used. For the injection of higher levels 
of the compounds at six da 3 ”s of incubation, 
volumes up to 0.5 cc could be used without 
harm. After the desired solutions were in- 
jected the hole was sealed with collodion and 
the eggs were immediateh- set in an incubator. 

The eggs were candled at irregular intervals 
and the infertile eggs and dead embr 3 -os were 
removed. All eggs were broken out and ex- 
amined to determine fertility and approxi- 
mate age at death of the embryo. An 3 - gross 
abnormalities were also recorded. 

Results. The data of Table I show the ef- 
fect of the injection of deso.xyp3Tidoxine prior 
to incubation on embr 3 'onic development. Ap- 
proximately 500-1000 gg of the analog caused 
100% mortalit 3 ' of the embr 3 -os. This in- 
hibitory effect of the analog was largely pre- 
vented by simultaneous injection of 1.0 mg 
of p 3 ’ridoxal hydrochloride. The "toxic’’ ef- 
fect of desox 3 pyrido.xine at these levels thus 
appears to result from its interference with 
normal utilization of vitamin Br! and can be 
prevented by supplying additional quantities 
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A New Potent Adrenolytic Imidazoline 



Fig. 2. 


Babbit, liina limbs contiiiuouslr perfused ivitli Locke’s solution contjiining epineplirine, 
lO-i. Each vertical line represents an interval of 10 seconds during vliicli the varying rates of 
floiv ivere registered in milliliters; norma} dou- ivas approximately 73 ml per 10 seconds ivliereas 
eiiiueplirine, 10-1, reduced this rate to approximately 25 to 30 nil'per 10 seconds. From A to B, 
perfusion with C-7337, 10-S; from C to D, C-7337, 10-1; from E to F, C-7337, lO-o concentration. 
Note the increasing antagonism of epinephrine’s va.soconstrictor action following gradually 
increased concentrations of C-7337. 


to IS mg C-7337 subcutaneously. 

9. The adrenolytic effects of adequate 
amounts of C-7337 (1 to 3 mg) on the vaso- 
pressor response to epinephrine (2 pg) were 
observed also after absorption following ileal 
intubation in the cat and dog. 

Miscellaneous Features. 1. C-7337 was in- 
variably hypotensive in all species examined 
(rabbit, cat, dog, rat, guinea pig) and in any 
dose which produced adrenolytic effects after 
the conventional, reasonably rapid injection. 
The hypotensive effect was more marked with 
increasing dosage and endured — depending on 
the dose employed — for 2 to 3 hours or more. 
.After intravenous injection the fall in blood 
pressure was more pronounced than after sub- 
cutaneous injection. 

2. C'7337 in a concentration of ICb* de- 
creased the coronary flow of the isolated per- 
fused heart of the rabbit 25%, the rate 8% 
and the amplitude 17%. The corresponding 
reductions for the feline heart were 30%, 12% 
and 13%. 

3. The isolated vessels of the hind limb of 
the rabbit showed no reaction to concentra- 
tions of C-7337 up to 10~®. 

4. No direct myotropic stimulating effect 
was observed in respect to the bronchi of the 
rabbit, nictitating membrane of the cat, iso- 


lated ilea of the rabbit and guinea pig or 
intact ileum of the dog. As opposed to the 
majority of adrenolytic substances, C-7337 
has no contractile action upon the isolated 
uterus of the guinea pig or the uterus in vivo 
of the rabbit. 

5. No sialogogic (cholinergic) effect was 
evident in the cat even with a dose of 27.5 
mg of C-7337, whereas faradization of the 
chorda tympani nerve consistently resulted in 
salivation. 

6. Warburg studies have indicated that 
C-7337 did not appreciably interfere with 
feline cardiac respiration until concentrations 
approaching 500 /ig/ml had been reached. At 
this concentration there was a 12.5% de- 
crease in cumulative o.vygen consumption after 
4 hours.® 

Conclusions. The compound 2- [N-p'-tolyl- 
N-(m'-hydro.xyphenyl) -aminomethyl] -imi- 
dazoline HCl, (C-7337), is a potent adreno- 
lytic agent but much less active as a sympa- 
tholytic drug. It is effective orally.® 

5 Herrold, E. A., Cameron, A., Earl, A., Eotli, 
P., Smith, J., Smitli, N., Sorensen, E., and Cr.nvcr, 
B. ff., Fed. Proc., 1949, 8, 302. 

c Crimson, K., Chittum, J. B., and Longino, 
P. H., Fed. Proc., 1949, 8, Cl. 

Keceived Aprii 3, 1949. P.S.E.B.M., 1949, *1. 
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TABLE III. 

Comparative Tosieitics of Desoxypyridoxine, Pyridoxal, Pyridoxamine, and Pyridoxine 'When 

Injected at 6 Days of Incubation. 

% Hatehabilityt 


~ — — ^ 


Mg of compound 
injected 

Desoxypyridoxine 

Pyridoxal 

hydrochloride 

Pyridoxamine 

dihydrochloride 

Pyridoxine 

hydrochloride 

Uninj. control 

100 

100 

100 

100 

Inj. control*" 

70 

70 

70 

70 

1.0 

SO 

90 

70 

100 

2.5 

70 

50 

50 

90 

5.0 

0 

20 

90 

SO 

10.0 

0 

0 

90 

10 

* 0.5 cc of water or solutions injected in 
t 10 fertile eggs per group. 

all cases. 




TABLE TV. 


Comparative Potencies of Pyridoxal, Pyridoxamine, and Pyridoxine in Overcoming the Inliib. 

itory .Action of Desoxypyridoxine. 


Substance injected*" 

"0 2 

5 

Amt injected, fig 

10 20 50 

% hatehabilityt 

70 

100 

1000 

Desoxypyridoxine 






0 

Desoxypyridoxine, 1000 fig 







+ Pyridoxal • HCl 

0 

0 

0 18 30 

5G 

63 

47 

Pvridoxamine • 2HQ 

0 

14 

27 45 71 

67 

71 

0^ 

Pyridoxine • HCil 

0 

15 

50 74 71 

S3 

62 

92 


* 0.1 ec of water or solution injected in all cases. Control groups run at the same time gave 
the following per cent hatcliability : water, 75; 1000 fig pyridoxal hydrochloride, S3; 1000 fig 
pyridoxamine dihydrocliloride, 62 ; 1000 fig pyridoxine hydrochloride, CO ; uninjected, 83. 

i All groups contained 12 fertile eggs or over; at critical levels (20 and 50 fig of vitamin 
plus 1000 fig of desoxj-pyridoxine) 23 to 40 fertile eggs were used per group. 


desoxypyridoxine which occurs when this com- 
pound is injected before the start of incuba- 
tion. 

It has been shown® that pyridoxal and pyri- 
doxamine are the predominant forms of vita- 
min Bo present in both the egg and the 
chick; pyrido.xine, if present at all, occurs only 
in relatively small amounts. It was of in- 
terest, therefore, to compare the relative ac- 
tivities of these 'three compounds in counteract- 
ing the inhibitory action of deso.xypyridoxine. 
Results of such an experiment are summarized 
in Table IV. The ratios of vitamin to inhibi- 
tor which permitted approximately SO’fo of 
the embryos to produce H%'e chicks were for 
pyridoxal hydrochloride 1:20; for pyridoxa- 
mine dihydrochloride 1;50; and for pyridoxine 
hydrochloride 1:100. 

Discussion. These experiments show clearly 
that development of the chick embryo is in- 

r. R.nbinowitz, J. C., .ind Snell, E. E., J. Biol. 
Chcm.. 1948, 17C, I157. 


hibited by the injection of desoxjTiyridoxine 
when this is made prior to the start of the 
incubation period, and that this inhibition is 
prevented bj- simultaneous injection of any 
of the three forms of vitamin Br,. Vitamin 
Bn is an essential catalj'st for a varietj”^ of 
reactions involved in protein metabolism, as 
well as in the synthesis of nicotinic acid from 
tr}T)tophan. Which of these reactions first 
fails the embryo because of the blocking ac- 
tion of the inhibitor is not known. Since 
nicotinic acid may arise from trjTJtophan in 
metabolism and since nicotinic acid is syn- 
thesized by the chick embryo at an increasing 
rate as embryonic development progresses," 
this compound was injected together with de- 
soxjpyridoxine to determine whether the in- 
hibitor simply blocks its formation from tryp- 
tophan. Neither nicotinic acid nor its amide 
affected the inhibitor}' properties of the des- 

7. Snell, E. E., .nhd Qn.-irlcs, E.. J. 

1941, 22, 4S3. 



\'iTAMiN B(j IN Embryonic Development 
TABX/E J. 

Effect of Desox-ypyridoxine on Hatcliability of Eggs. 


% Hatcliability* 


JSubstanec injected 

Amt injected, ^g 

/ " — 

0.2 cc solutions 

I 

OJ cc solutions 

None 


74 

■Oo 

.00 

Water (HoO) 


35 

Desox3'p3-ridoxine 

200 

29 


500 

11 

21 

n 

+ 

1000 

1000 

0 

0 

P3-iido.\:il • HCl 

1000 

13 

83 


* Kot less than 14 eggs per group. 


TABLE II. 

Effect of Injection of Deso.xypyrido.xine at Different Stages of Incubation of Hatehabilit.v. 


% Hafchability* 


Time of 
injectiont 

Water 

500 ;<g 

Deaox 3 'p 3 Tidoxiiie 

Water 

500 /ig 

Desoxypyridoxine 

Water 

1000 pg 

DesoX3'P3'rido.'ciiiD 

0 days 

88 

24 

87 

14 



08 lir' 






5 

72 ” 

94 

72 

86 

04 

80 

4 

86 >' 






53 

92 ” 






79 

6 davs - 

93 

89 

91 

91 



9 ’■> 

95 

88 





12 ” 

93 

89 





15 ” 

100 

95 





Control 







(uninj.) 


95 


96 


84 


* 15-23 eggs per group. 

t 0.1 cc of ivater or solution of inhibitor injected in all cases. 


of the vitamin. The result demonstrates that 
vitamin Bo is highly essential for normal em- 
bryonic development. It was observed that 
most of the embryos died at 2 to 4 days of 
development. 

The effects of injecting desoxypyridoxine at 
different stages of incubation on embryonic 
development are shown in Table IL Whereas 
SOO pg of the analog injected prior to setting 
resulted in approximately 75fo mortality of 
the embryos, a similar quantity injected at 3 
or more days of incubation was non-toxic. In- 
jecting 1000 pg at 68 or 72 hours of incubation 
resulted in approximately 9S% embryonic 
mortality. This inhibitory effect was almost 
immediate since the bulk of the embryos were 
recorded as dying at 3 or 4 days of develop- 
ment. However, this same amount injected at 
86 or 92 hours had little, if any, effect on 
embryonic development. The inhibitory ef- 
fects of this analog are thus most marked dur- 


ing the first 3 to 4 days of embryonic develop- 
ment; subsequent to this time,’ the compound 
has greatly reduced toxicity. 

In view of this fact, the toxic level of the 
analog at 6 days of incubation was determined. 
In a preiiminary experiment, 5 mg of the 
analog proved almost completely inhibitory 
at this time, but this inhibition could not be 
overcome by simultaneous injection of any of 
the 3 forms of vitamin Bo. Further experi- 
ments, summarized in Table III, indicate 
that pyridoxal hydrochloride is also toxic at 
these high levels, while pyridoxine hj'dro- 
chloride is somewhat less toxic and pj'ridoxa- 
mine dihydrochioride proved non-to.xic at the 
highest level tested (10 mg per egg). Inhibi- 
tion at this period by these high concentrations 
of deso.xypyridoxine, therefore, is not specific- 
ally related to an interference in utilization of 
vitamin Bo for essential metabolic purposes, 
as is the inhibition by smaller amounts of 



17085. Failure of Human Convalescent and Hyperimmune Monkey Polio- 
. myelitis Serums to Neutralize “Egg Adapted” Lansing G (M) 
Variant. 

Arthur W. Frisch and Charles C. Henriques. (Introduced by H. J. Sears.) 

From the Department of Bacteriotopn, Vniversity of Oregon MedteaJ School, Portland, Oregon. 


- Enright and Schultz^ reported the successful 
propagation of the Lansing C (M) strain of 
poliomyelitis virus in the embryonated hen’s 
egg. Their conclusion was based on the pro- 
duction of typical lesions and paralysis in 
monkeys with early egg-passage material only. 
In addition, neutralization was accomplished 
by anti C (hi) rabbit serum, but not by anti- 
serums against the murine SK and Theilers 
GD VII strains, although some cross-reaction 
was observed with the former. Unreported 
observations by Schultz- have since indicated 
that the so-called Lansing variant is more 
closely related to the murine SK strain than 
to the original Lansing C (M) virus. More 
recently, Powell and Jamieson^ have reported 
the isolation of an apparently similar variant 
in embryonated eggs. They subsequently 
proved by mouse protection tests that it was 
serologically distinct from the original Lan- 
sing CM virus and similar to the hOI and 
murine SK strains. Previous unsuccessful or 
questionable attempts to propagate the Lan- 
sing strain to eggs have been reported by 
Riordan and Sa-Fleitas'* and Gard.^ 

The egg-adapted variant mentioned above 
was received from Dr. Ednin W. Schultz in 
1948 and readily multiplied in chick embrj-os.^ 
The range of infectivity for mice b}' the in- 
tracerebral route was between 10"^ and KL'. 
Preparations from the first and subsequent 
passages made in this laboratory were also in- 
fectious for mice by the intraperitoneal, subcu- 
taneous, intravenous, intranasal, and occasion- 
ally by the oral route. Seven and a half times 

1 Enright, .1. B., and Schultz, E. W Pr.oc. Soc. 
Exr. Bioi.. Med., 1947 , co, 541. 

- Schultz, E. Iv., personal commuiiicntion. 

a Powell. II. M., .Tamicson, W. A.. J. Infect. 
Tliseases, 194S, Sii, 2,SS. 

I lliordan. .1. T.. and Sa-Pleitas, M. .1.. -T. ini- 
vititioh, 3947, oO, 203. 

.'.Gard. S.. Xatare, 1943, 152, OGO. 


the intracerebral dose was necessarj- for infec- 
tion intraperitoneally. The regularity with 
which paralysis occurred following intraperi- 
toneal injection suggested the possibility of 
using this means for human serum neutraliza- 
tion tests. For this purpose, 58 specimens of 
serum from convalescent cases of poliomye- 
litis were studied. Of these, 33 were taken 
within 6 months after the onset of the disease, 
10 between 6 months and 5 years, and 11 be- 
tween 5 and 13 years. The time of onset in 
the other cases was unknown. Immune guinea 
pig serum was prepared against the Schultz 
variant for use as a control. 

Methods. Neutralization tests were per- 
formed in the following manner. The virus 
was prepared so that 0.1 ml contained 50 
LD,-,n as titrated by the intraperitoneal route. 
The convalescent serums were diluted either 
1:5 or 1:10, and mixed with equal volumes of 
the virus suspension. Extract broth was used 
as the diluent in both cases. The mixtures 
were incubated in a 37‘’C water-bath for 2 
hours, and 0.2 ml inoculated intraperitoneally 
into 3-week-old Swiss mice. Controls with 
homologous immune serum, normal guinea pig 
serum, and in some cases monkey serum were 
run simultaneously with each series. Six to 
8 mice were used for each serum tested. Dur- 
ing the course of experiments, three separate 
lots of egg-passage material were utilized, each 
being previouslj’ standardized for the LD^n 
dose, .■\nimals dying within the first 24 hours 
following injection were discarded;' death or 
paralysis after this period was taken as the 
end-point and usually occurred during the first 
week. .'Ml e.xperiments were terminated at the 
end of 2 weeks. Irregular results in the con- 
trol animals were obtained occasionally. These 
were found to be due to the use of animdls 
older than four weeks, rather than to deteriora- 
tion of the virus, which was stored at -6°C. 

Results. A total of 58 human convalescent 
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oxypj'ridoxine. Similar negative results were 
obtained when DL-alanine was injected either 
alone' or with nicotinic acid. DL-alanine was 
tested since Holden and Snell'^ have shown 
that D-alanine will replace vitamin Be 
for growth of certain microorganisms. 

Umbreit and Waddell® have offered an ex- 
planation for the mode of action of deso.xy- 
pyridoxine which may e.xplain our observa- 
tions that the amount of desoxypyridoxine re- 
quired to inhibit embryonic growth is in- 
creased when injection of the inhibitor is post- 
poned until later in the incubation period. 
These workers, who used cell preparations con- 
taining tyrosine decarboxylase as their test 
system, showed that desoxypyridoxine exerts 
its inhibitory effect by being phosphory- 
lated and then competing with pyridoxal phos- 
phate for the apoenzyme. Desoxypyridoxine 
phosphate was found to be only slightly in- 
hibitory if the pyridoxal phosphate had first 
been allowed to combine with the tyrosine de- 
carbo,xy]ase protein. It is suggested, therefore, 
that desoxypyridoxine, when injected prior to 
the start of embryonic development, is phos- 
phorjdated and thus is able to compete rvith 
pyridoxal phosphate for combination with 
some newly-formed apoenzyme with which 
this coenzyme functions, and whose function 
is necessary for continued development of the 
embryo. If injection of the inhibitor is de- 
layed beyond about three days, this apoen- 
zyme has already been saturated with pyridox- 
al phosphate, thus making it impossible for 
desoxypyridoxine phosphate, even if formed, 
to exert its inhibitory action. 

The toxicity of high levels of deso.\-yp 3 'ri- 
doxine when injected at six days of embryonic 
development was not due to a competitive an- 
tivitamin action of the inhibitor since it could 
not be prevented by any of the 3 forms of 
vitamin Br,. Pyridoxal hji-drochloride proved 
to be toxic at similarly high levels while pyri- 
doxine hydrochloride was somewhat less toxic 


SHoMeit, J. T., aiifl Snell, E. E., <1. Biol. Chcm., 
1949. 1T8, 799. 

oUmbroit, IV. IV., .mul IVadclclI, J. W,. Pboc. 
Soc. E.VP. Biol, .a.vd Med., 1949, 70, 293. ,, . 


and pyridoxamine dihydrochloride was non- 
toxic at the highest level tested. 

The role of vitamin Bo in development of 
the chick embryo is not readily determined 
directly, since hens fed diets deficient in this 
vitamin stop laying before sufficient eggs are 
obtained to determine its effect on embrj'onic 
development.^® Our experiments show that 
vitamin Bo is essential for embryonic develop- 
ment and also that the need for this vitamin 
becomes critical earl}' in embryonic growth. 
It is thus possible to use antimetabolites to 
studi' problems dealing with the nutrition of 
the avian embryo which cannot be studied 
directly. 

Summary. Desox 3 pyridoxine (dOOO fig) 
injected into eggs prior to the start of the 
incubation period resulted in 100% mortality 
of the embryos; this inhibition was prevented 
by simultaneous injection of any o( the three 
forms of vitamin Be. The ratio of vitamin to 
inhibitor which permitted approximateh' 50% 
of the embr 3 ms to produce live chicks was 
1/20 for pyridoxal, 1/50 for pyrido.xamine and 
1/100 for pyridoxine. 

When injected after 4 or more days of 
incubation, 1000 /ig of deso.xypyridoxine 
proved non-toxic. Higher levels injected at 
6 days of incubation proved to.vic but this 
toxicity could not be prevented by any of 
the 3 forms of vitamin Be. A possible e.xplana- 
tion for this observed variation in toxicity of 
deso.\- 3 pyrido.xine at different stages of incuba- 
tion is offered. P 3 Tidoxal hydrochloride and 
pyridoxine hydrochloride also proved toxic at 
high levels while pyridoxamine dihydro- 
chloride was not toxic at the highest level test- 
ed. 

Neither nicotinic acid nor its amide affected 
the inhibitory action of desox3’pyridoxine; 
negative results were also obtained when DL- 
alanine was injected alone or mtb nicotinic 
acid. 

These e.\'periments demonstrate that vita- 
min Bo becomes essential for embr 3 'Onic 
growth ver 3 i early in the incubation period. 

10 Cravens, W. AV., .SeLest.s, E. E„ nnlpiii, .T. G., 
.nnd H.-irt, E, B., Poullr;/ Sci., 194C, S.?, SO. 

Becpivcd Apri) 13, 1949. P.S.E.E.At., 3949. #1. 
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Fio. 1. Pri’))nnition of cell destroyed by Eastern equine eneepbaloinyelitis virus. X Fixed 

at 37°C with 2% osmic acid viipor for 10 minutes. 


days xvith one transfer in roller tubes*’ in a 
completely homologous medium composed of 
chicken plasma and serum and chick embryo 
extract. Pieces of this tissue were then ex- 
posed to a 10 - dilution of the virus. saline 
extract of embryos infected with the fourth 
embryo passage of a standard guinea pig pas- 
sage of eastern equine encephalomyelitis was 
used as source of virus. This tissue explant 
was then placed in a special chamber. This 
was formed by drilling the center out of a 
metal plate and sandwiching it between 2 
formvar coated glass slides. The medium 
consisted of 20% chicken serum. Within the 
next 24 hours of incubation at a temperature 
of -I? C. the cells had grown out poorly and 
were alreadi^beginning to be destroyed. The 

(tvy. (•. O., .liTi. ./. Cnncrr, 103.1 IT 7;V’ 

Tnyb.r. A. It., Re.-rd. P.'. .-.nd 
nc:ird. . 1 . Y.. -Irc/i. 1043 , jp,; 


cells were fixed by exposure to osmic acid 
vapor and were either e.xamir.ed directly or 
were first coated with chromium to sharpen 
the image. The fluid taken from the tissue 
culture chamber taken just before osmic acid 
fi.xation of the preparation shows a high titer 
of infectivity for the chick embryo. (Table I). 
The titers obtained indicate that consider- 
able multiplication of the virus has taken 
place. This is indicated by the following 
figures. -An inoculum of chick embryo ex- 
tract would at the most titer ICK’-s 
This inoculum was used in oiir experiments 
at a 10^ dilution which iwis further diluted 
at least 10 '. The virus, however, was re- 
covered regularly from the tissue culture at 
10-'’ which would be at least 100 times as 
much virus as was added. 

Several things are notable about these 
pictures; (a) Many particles of uniform 
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poljom\-elitis serums were tested. Of these, 56 
showed no neutralization whatsoever. Only 
2 gave slight but definite protection. With 
SO LDr,o of virus, the 50% end-point with 
these serums did not e.vceed 10 b In several 
e.x’periments complete protection was never ob- 
tained with 50 LD.in of virus, but in two ex- 
periments complete protection against 25 
LD.in was provided by a 1:5 dilution of the 
serums. Of interest is the fact that the serum 
of one patient was obtained 13 years after 
the clinical disease, whereas the other was 
drawn 3 weeks after the onset of paralysis. 

Similar tests were carried out using potent 
hjiierimmune monkey serums* against the 
Lansing, Kotter (Brunhilde group) and 
Brockman strains of human poliomj'elitis vir- 
us. None of these serums protected against the 

'' Tliesc aiitisminis were obtained tlirough tlie 
couitesy of Dr. I. M. Jlorgan and Dr. J. F. 
ICe.sscl. • 
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Schultz variant. E.vperiments in which 10, 25, 
and SO LD^o of virus were used, together with 
a 1 ;5 serum dilution, showed no significant dif- 
ference between the hyperimmune and pooled 
normal monkej’- serums. On the other hand, 
the “variant” immune guinea pig serum com- 
pletely protected against 50 LD.-,,) of ^DI 
virus. 1 

Summary. The egg-adapted variant origin- 
all}’^ obtained by Enright and Schultz has not 
proved to be of value as a means of measur- 
ing antibody response in serums from hyper- 
immune monkeys and convalescent human 
poliomyelitis cases. The results support the 
conclusions of Schultz, and of Powell and 
Jamieson that the egg-adapted variant is sero- 
logically related to the Mil-SK group of 
murine encephalomyelitis viruses, rather than 
to human and monkey-adapted strains. 

1 Obtained from Dr. C. A. Evans, 

Koecived April 12, 194!!. F.S.E.B^Jt., lOtS), 71. 
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Eastern Equine Encephalomyelitis,*^ 


F. B. Bang and G. 0. Gey. (With the technical assistance of Warren A. Hovis. Jr.) 

From the Depnrtmentx of dfediciiic and Surgery, The Johns Tlopl'hi.i Univer.n'ty ^^e(h'cnl 

School, Baltimore, Md. 


During the past 2 ,vears we have been 
studying the growth of several viruses in tissue 
culture with particular emphasis on- the use of 
the electron microscope. The cellular destruc- 
tion and ovenvhelming growth of the virus of 
eastern equine encephalomyelitis are here re- 
ported. 

Successful electron microscopy' of virus in- 
fected cells has been lirhited to studies on 
“virus induced” tumors’'- and has not been 
applied to small rapidly multiplying viruses. 

~^^j)poitcd in yart by granfs-in-aid from the 
Xational InstifutPS of HealtJi, t'. S. Public Healtb 
Service. 

1 Claude, A., Porter, K. R., and Pickels. E. G., 
Co?iccr Fcscurch, 1947, 7, Xo. 7. 

2 Porter, Iv. R., and Tlionipson, H. P., J. Exp. 
Meil., 1948, 88, 1.5. 


Our technic is essentially that of Porter’ 
e.xcept that cells are usually fixed for only ten 
minutes with osmic acid vapor.^ 

Chick embryo tissue was cultured for 6 

TABLE I. 

Equine Euceplialouijelitis in Tissue rulture. 
Titration on lO-day Embryos of Fluid Removed 
from Tissue Cultures. 

Titer of virus in 
tissue vulture 


Exp. Xo, 

On'giiiffi inocuiinn 

fluid 

1 

10-2 

lO-X." 

*> 

10-a 

lO-u.a 


10 -r. 

lO-ii-'.- 

3 

10-1 

10-7 


a Porter, K. R.. Claude, A., and Fiillam, E. F., 
,1. Exji. Med., 1945, 81, 233. 

* Bang, F. B., and Gey, G. 0.. Pnof. Soc. E.vr 
Biol. .\sd Med., 1948, (10, S6. 



Eye Traxsplaxtatiox 


SI 


obtained after optic iier\-e section in tad- 
pole and adult frogs/'-^ and also after eye 
transplantation -when the transplantation is 
performed near the onset of metamorpho- 
sis."* This, plus current findings that the 
optic neiA’e of teleosts likewise is quite 
capable of good functional regeneration after 
severance*'-® and even, in one case, after e\’e 
reimplantation,® prompted a further attempt 
to secure visual recovery after eye transplan- 
tation in fishes. 

Experimental. The goby was selected be- 
cause of its small size and comparative hardi- 
ness to surgical trauma and low o.xygen ten- 
sion. The specimens were gathered during 
Februaiy- from tide pools on North Bimini. 

total of 22 animals, ranging in length from 
14 to 29 mm were anesthetized in a 1.5^ 
solution of urethane and operated upon out 
of water under a dissecting microscope. The 
left eye was first removed through a dorsal 
incision in the roof of the orbit. Through a 
similar incision in the right orbit, the right 
optic neiA-e and e.\traocular muscles were 
severed. The ej'eball was then lifted out of 
the orbit and cut completely free from all 
blood vessels’ and other connections. Any 
blood clots that formed in the orbit were 
carefully removed with cleansing tissue be- 
fore the e3'e was replaced. In these pre- 
liminarj- e.vperiments only the right eye was 
reimplanted and it was always replaced in its 
own orbit and as nearly as possible in its 
original orientation. These fish, like the frog 
tadpole, possess a free external cornea which 
was left intact and which helped to hold the 
e\'e in position after its reimplantation. 

.\fter the operation the fish were placed in 
an aquarium nnth running sea water in a 
darkroom on the supposition that retinal me- 
tabolism might be somewhat reduced in dark- 
ness and that this might be beneficial during 
the early post-operative period while circula- 
tion was being reestablished. Beginning on 
the 6th da\ after operation the darkroom was 
lighted for 10 to 20 minutes each da\' for 

Sperry. It., .T. ycuroph,„iol.. 1044 , 7 . 57 , 

4 Sperry. R.. .T. .A>i(rf>p7,t/sfo!., 1043. 8. 13. 

Sperry. R.. Fhitsiol Xool., 104S. 21, '331 
n R:i?qtiin, R.. y,no1.. 1040.”22. 1,11. 


feeding the fish and for e.xtraneous purposes. 
On the 21st day the fish were shifted into two 
aquaria in the light nnth standing sea water 
that was changed every 4 daj'S. 

When the animals were examined on the 
9th day after operation, the external features 
of the e\'e appeared quite normal and eye 
movements were present in several cases, but 
there was no sign of vision at this time. 'When 
tested again on the 27th day, 2 cases displayed 
immist-akable , evidence of visual recovery-. 
They- rose off the bottom and swam directly 
upward approximately- 100 mm toward a small 
piece of bait less than 4 mm in diameter 
dangled on the end of a fine silk thread. By 
the 37th day-, 7 of the 16 fish yvhich were 
still alive had come to perform regularly- in 
this manner. Similar responses were never 
observed in blind gobies. The accuracy -with 
yy-hich those yy-ith vision yy-ere able to locate 
small stationary- lures indicated that the re- 
generated fibers had restored their central 
connections in an orderly manner just as oc- 
curs after simple optic nery-e section.-" In con- 
trol tests in yy-hich the bait was presented out- 
side the glass yy-alls of the aquarium all 7 
cases responded in ty-pical fashion attempting 
to reach the lure through the gfes. Those 
yvhich recovered vision measur^ in total 
length 16. 16. IS, 22. 24, 25. and 29 mm re- 
spectively-. 

Following anesthetization yvith urethane on 
the 3Sth day-, all the heads yvere fixed in 
Bouin s solution and were later prepared for 
microscopic study- by' a modification of the 
Bodian Protargol method.' Patches of retinal 
degeneration, particularly- in the ganglion cell 
and inner plexiform lay'ers. were found in all 
cases but were especially marked in those that 
failed to recover vision. At some points all 
retinal lay-ers had disintegrated. In those that 
recovered vision, a large regenerated optic 
nerve yvas present, the fibers of yy-hich were 
easily- traceable into the optic tectum of the 
mesencephalon. Similar regenerated optic 
nery-es were also found in 2 of the cases in 
yvhich y-isual feeding reactions had not y-et 
appeared at the time of sacrifice. 

T.^iporry, R.. and Miner. X., J. C^p. 

RiveivtKl .April 27. IPtf. lA^iE.B.MT 1049. tT 
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Pig. 2. (top). Clivomium shadowed preparation 
of the same slide. Individual particles may be 
seen breaking off cell at bottom. X lb, 300. 


Pig. 3. (bottom). Area near a coll. Virus has 
been scattered over formvar screen. Dividing 
forms seen tlirougliout, 

size similar to those described in purified 
preparations'’’ are associated with destroyed 
cells and have spilled out into the surround- 
ing areas. The e.xtensive cellular destruc- 
tion is similar to that produced by infection 
of the embryo.” Such particles have not 
been seen in similar preparations of cells 
infected with the viruses of Newcastle dis- 
ease of chickens, influenza, or mumps, (b) 
Examination of the pictures shows numerous 
pairs of particles mth occasional chains 
and small clumps. The general appearance 
is much like that of a smear of ordinary 
diplococci. Further, it is relatively easy 
both in the shadowed and unshadowed pic- 
tures to trace a series of stages in the di- 
vision of the pairs which suggests that 
multiplication may take place by simple 
binary fission, (c) These results make it 
probable that some viruses nia,v, be studied 
by electron microscopy of tissue culture 
preparations without previous purification 
from tissue e.xtracts. 

T Dang, P. B., J. Exp. Mrrl, 15)4.3. 77, 337. 
Received Ayril 2C. 15)40. P.S.E.B.M., 15)45), Tt. 


17087 P. Reimplantation of Eyes in Fishes {Bathysobius soporator) with 
Recovery of Vision.* 

R. W. Sperry. 

f’rom the Department of Jitatomii, Unirersity of Chieago, Chieogo, 111. 


The early demonstration by Matthey,^ 
that the grafted adult' urodele eye is capa- 
ble of recovering visual function has since 
been e.xtensively confirmed.- With regard 
to fishes and the anuran amphibians, on the 

* Tbe ex|)Ci'imoiits were conducted ut tlie Licrncr 
Atarino L.aboratorv of the Americ.nn Museum of 
N.atural History, at Bimini, Britisl. West Indies. 
Tliey were aided by a giant from the Dr. M ailacc 
C. and Clara A. Abbott Jlemorial Pund of tbe 


University of Chicago. 
iM.atthey, R., Compt. 


riiirl. Sac. Biol.. 1920. 


1)4, 4. 


Other hand, repeated failure of numerous 
attempts by various investigators to ob- 
tain visual recovery after eye transplanta- 
tion. even in young tadpole stages, has 
given rise to the impression that the optic 
nerve of the grafted eye in these forms 
lacks dhe power for functional regenera- 
tion .- 

Recently, however, the writer was able 
to show that good visual recovery can be 

^^Ston^lTZ Tro,,.^. X. T. Aea<l Sri.. 1941, 
3, 208. 
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TABLE I. 


Blood Fibiiiiogeii and Adrenal and Tiiyiiius Wciglits During Adaptation to Cold. 


Xo. of 
animals 

Body wt 

Time of 
exposure 

Adrenal 
wt; mg 

Thymus 

wt.mg 

Plasma 
fibrinogen, 
mg/100 ml 

Initial 

Final 

8*“ 

145 -1- lO.Sf 

— 

0 

27.7 -*- 1.20t 

271 -*- 18.0t 

252 ± 12.6t 

7 

147 -t- 8.9 

138 -*- 8.2 

0 

34.3 -+- 1.94 

163-*- 9.1 

257 ± 9.3 

s 

146-*- 9.7 

127 -*- 10.3 

10 hr 

36.1 -+- 1.50 

156 -*- 16.8 

242 -*- 15.3 

7 

148-*- 11.4 

129 -*- 9.5 

1 dav 

35.4 -*- 1.18 

117 ± 9.3 

191 dt 0.9 

s 

149 -*- 19.7 

127 -*- 13.2 

O ft 

39.4 ± 1.26 

108 d: 3.9 

206 ± 11.1 

s 

148 -*- 11.7 

122 -1- 9.0 

5 ” 

37.7 i 1.86 

67 dr 5.2 

208 -t- 7.6 

8 

149 ± 10.0 

128 -H 12.0 

10 ” 

42.3 -1- 1.95 

91 ± 7.9 

207 -*- 0.5 

S 

148 11.5 

138 -+- 16.3 

^ ^ 

43.4 -*- 3.87 

90 ± 14.2 

208 rfc 13.4 


''Not fasted before fibrinogen dcterniiiiation. 
t Standard deviations. 

* Standard errors. 


Results. Table I summarizes our results. 
The changes in blood fibrinogen and adrenal 
and thymus weights during the e.vperimental 
period are also shown in Fig. 1. The values 
at zero time are those of the 24 hour fasted 
controls. The blood plasma fibrinogen de- 
creased sharply from the control value of 257 
mg to 191 mg per 100 ml in the first 24 hours. 
At the end of 48 hours the fibrinogen in- 
creased to 206 mg, remaining at this level 
until the end of the e.xperimental period of 21 
days. -As can be seen from the table, fasting 
alone did not influence the blood fibrinogen 
concentration. 

The weight of the adrenals increased rapid- 
ly in the first 48 hours and at a slower rate 
for the remainder of the cold e.vposure period. 
The thymus weights show a decrease, which 
was most marked at the end of the fifth day 
of e.vposure to cold, continuing approximated 
at the same level till the end of the e.xperiment. 
The weights of these organs were used as an 
index showing the efficacy of the alarming 
stimulus. The changes observed are those 
constantly present in the stages of alarm and 
resistance of the “general adaptation syn- 
drome". 

Discussion. It seems apparent that the 
plasma fibrinogen does not respond in a con- 
stant manner to different types of stress as 
other constituents of body fluids do. In all 
the previously mentioned instances of blood 
tibrinogen increase the common feature was 
the tissue damage, which is known to be a 
cumulus for fibrinogen production. In this 
connection, it is noteworthy that the presence 


of a fibrinogen-production-stimulating sub- 
stance in a turpentine-induced abscess in dogs 
has also been reported." 

In the present e.xperiment tissue damage 
was not excluded. Apart from the intense 
catabolism indicated by the marked loss of 
weight, most of the animals developed severe 
gastric ulcers when exposed to cold and fast- 



DAYS OF EXPOSURE 

Fig. 1. 

Blolul fibrinogen, .-Klren.-il .nnd tlivmus woigbt'= 
during .■id.njn.ation to'vold. 

I Ilonibiirger, F., ,7. Ctiii. 104o. iH. 
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1/088. Influence of Cold on Blood Fibrinogen Concentration.* 

S. B. Henriques, Olga B. Henriques, and H. Selve. 

From the Institut etc Medicine ct de Chirurgie Fxp&rimcniaXcs, Vniversite dc Montrent 


Changes of several chemical constituents of 
the blood are known to follow the same pattern 
under diverse conditions of non-specific stress. 
These biochemical changes have therefore 
been considered to be manifestations of the 
general adaptation syndrome. 'A survey of 
the literature suggests that perhaps variations 
in blood fibrinogen belong to this same group. 
Thus an increase in plasma fibrinogen has been 
reported in many non-specific stress condi- 
tions, such as infectious diseases- and a wide 
variety of chemical and physical injuries.'*-'*''’'’ 

On the other hand, a decrease in plasma 
fibrinogen appears to be almost always asso- 
ciated with specific disturbances directly re- 
lated to its production, such as dietary de- 
ficiencies- or e.\tensive liver damage.-' 

We therefore decided to study the blood 
fibrinogen changes occurring in rats exposed 
to cold, during the stages of alarm and resis- 
tance of the “general adaptation sradrome.” 

Material and Methods. Eight groups of 8 
female piebald rats, weighing 1 30- 1 65 g 
(average 145 g) were used in this experiment. 
All animals were put into the cold room 
(2-5‘’C) in individual cages, e.xcept 2 groups 
kept at room temperature as controls. All 
groups were maintained throughout on Purina 
Fox Chow, with tap water ad libitum. The 
6 groups of rats were removed from the cold 
room, bled and killed, after 10, 24, 48 hours 
and 5, 10, 21 da3'S respectively. During the 
last 24 hours of e.xposure all animals were 
fasted, but water was allowed. Blood samples 
were taken b^' carotid puncture under ether 

* Tlvis investigation nas suppoi ted Ijy a rcse.ircli 
giant from the Comnioinvealtli Fund. 

1 Selve. H., J. Clin. EndocrinoioffH, 194(!, 6, IIS. 

^ Ham, T., and Curtis, F. C., ^fcdicina. 1038, 
17, 413. 

Clianutin, A., Hortciistine, .T. C., Cole, W. S., 
and Xiudervig, S., J. Biol. Client.. 1938, 12*1, -4i. 

i Clianutin, A., .and Ludewig, S., d. Biol. Chnn., 
1947, 1G7, 313. 

•"■Foster, D. P.. and Wliipple, Ct. H., -im. J. 
PhilnUil.. 1922, 58, 407. 


anesthesia. Blood coagulation was prevented 
by the use of silicone-coated st'ringes and 
needles, the samples being added to tubes con- 
taining 3 mg of potassium oxalate per ml of 
blood. 

At the end of the e.xperimenf, one group of 
control rats was bled and killed without fast- 
ing, while the other group was fasted for 24 
hours before bleeding. 

.-Xt autopsy all the animals were carefully 
inspected for any detectable infection. The 
adrenals and thymus were removed, fi.xed in 
formalin and weighed. 

The plasma fibrinogen was determined b\' 
a modification of the method of Campbell and 
Hanna** with direct nesslerization. In order to 
avoid the digestion in centrifuge tubes which 
frequently causes loss of material by bumping, 
we modified it as follows: the precipitated fi- 
brinogen was quantitatively transferred with 
distilled water to a Folin 50 ml graduated di- 
gestion tube. The tube was then placed in an 
oven at 90-100'’C overnight in order to 
evaporate the water. The following day the 
drj' residue was digested with 1 ml of the 
undiluted digestion mixture. Decoloration fre- 
quently occurs following nesslerization due to 
the presence of an inert precipitate formed 
during digestion. This was prevented b\' 
diluting the digest e.xactly to SO ml with dis- 
tilled water, centrifuging the solution and 
pipetting 25 ml of the clear supernatant. The 
nesslerization was then performed in a 50 ml 
cylinder. To avoid the turbidity which oc- 
casionally occurs during the nesslerization, the 
diluted digest was made up to 35 ml with dis- 
tilled water and the cylinder immersed in a 
cold bath for several minutes. Then 15 ml 
of the Kessler's reagent (Folin's formula) was 
quickly added, mixed immediately by inver- 
sion and the cylinder maintained in the water 
bath until read in the colorimeter. -Ml de- 
terminations were made in duplicate. 

^'TcamplH-ll. w. K.. .-iml Himii.i, ?r. I., d. Biol. 
Chrm.. 1937, 119, M. 
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TABLE I. 


Eraction 

No. Description of fraction 

Inhibitory activity 

Toxicity 

Total No. 
of eggs 

Amt necessary 
for 50% 
inbibition, 
mg per egg 

Total No. 
of eggs 

Amt necessary 
for 50% 
mortality, 
mg jier egg 

1 

Hot water e.vtract 

71 

0.91 



o 

AIcoIjoI .soluble 

43 

2.00 

2.1 

7.0 

3 

Alt-oliol insoluble 

27 

0.66 



4 

Ppt. at G4% alcohol 

44 

1.59 



5 

Ppt. at 05 to 80% alcoliol 

00 

0.84 



(1 

Ppt, at 81 to 88% alcohol 

79 

0.41 

32 

0.0 

/ 

.Soluble at 88% alcohol 

36 

0.92 



8 

Ppt. at pH 2-3 

29 

0.46 



9 

.Soluble at pH 2-3 

21 

1.20 



30 

Tannic acid, tJ.SP 

112 

0.22 

32 

1.0 


the most active tea fraction, that precipitated 
at 81 to 88% alcohol (Fraction 6). 

Because of its greater activity fraction 6 
was chosen for more detailed study. Repeated 
precipitation with 88% alcohol at pH 5-6 re- 
sulted in no significant change in activity. In 
vitro tests, carried out as previously de- 
scribed,' show that as little as 25 /xg per cc 
will inactivate a significant amount of virus. 
Two mg of fraction 6 per egg inhibit multi- 
plication when given as long as 2 hours before 
or 2 hours after inoculation of virus. Injec- 
tion of 10 mg into the 3 mlk sac 2 hours before 
inoculation of virus into the allantoic sac does 
not inhibit multiplication. 

Discussion. Obviously, attempts at purifi- 
cation have been crude, and probabU’’ the frac- 
tions prepared are mi.xtures of uncertain com- 
position. Some fractions should contain tan- 
nic acid as an appreciable amount is present 
in tea.- Furthermore, as tannic acid is said 
to be soluble in alcohol, one would e.vpect any 
present to be concentrated in the alcohol 
soluble fractions (No. 2 and 7). If inhibitory 
activitj' were due to tannic acid the alcohol 
insoluble fraction (No. 3) and that precipi- 
tated at a concentration of 81 to 88% alco- 
hol (No. 6) should show relatively little ac- 
tivity. However, the reverse is true, these frac- 
tions being among the most active ones ob- 
tained. These differences in solubility may 
be more apparent than real, depending upon 
other variables such as pH, which have not 
been invc.--tigate<l fullj-. Common tests for 


tannic acid, such as those emploj'ing ferric 
salts and soluble protein, which are notorious- 
ly non-specific, have failed to differentiate 
clearly the various fractions from each other 
and from tannic acid. The difficulty of de- 
ciding whether the active principle is or is 
not tannic acid or one of the tannins is fur- 
ther emphasized by the fact that the dif- 
ferent natural tannins e.vhibit differences in 
their chemical reactions and behavior with 
solvents." Furthermore, even the “purified” 
or “crystalline” preparations of tannic acid 
are mixtures, as it is well recognized that they 
are contaminated with various impurities.® 
••Mthough the effect of fraction 6 on influenza 
virus is similar to that of tannic acid, the 
most significant difference may be a biological 
one, nameh-, that the former, although onh’ 
one-half as active as tannic acid, is some four 
times less to.vic, 

Suvimary. E.vtracts of tea have j'ielded an 
unidentified fraction, similar to but less to.vic 
than tannic acid USP, which inhibits the 
multiplication of influenza virus in embrj’o- 
nated eggs. 

It i.s a j>]fasuru to acknowleilRp the tculiiiical 
assistance of Miss Ann Holloway. 

^'erenstein, M.. Tannins, in Allen's Comnier- 
fial Organic Analysis, Vol. V, .Itli oflilion, I’. 
Blaki.ston’s .Son and Co,, Pliiladclipliia, I'lg?. 

Nicrenstcin, M.. The Natural Organic Tannins. 
•T. and A. Chureliill, Ltd., London, HI3L 

Itoceivrsl April 2G, 1949 . B.S.E.B.M.. ]f749. rt. 
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ing. The incidence of these ulcers was greatest 
at 24 hours, which coincides with the most 
pronounced fall in fibrinogen values. Cold, 
therefore, could have a specific action of de- 
pressing the fibrinogen production. It is 
equally possible that the plasma fibrinogen 
fall represents only another particular instance 
of the generalized protein catabolism during 
exposure to cold. Thus, an increased cata- 
bolism of fibrinogen, if unaccompanied by a 
corresponding increase in its production, ap- 


pears to result in a fall of its concentration in 
the plasma. 

Summary. In rats fasted for 24 hours before 
bleeding, exposure to cold causes a fall in 
the plasma fibrinogen concentration. The fall 
is maximal at the end of the first 24 hours 
and is followed b,v a slight rise to a subnormal 
level. This low level is maintained for as 
long as 21 days after beginning of cold treat- 
ment. 

Received April 19, 1949. P.S^E]B7jI~194977r. 


1/089 P. Inhibition o£ ^Multiplication of Influenza ^^irus by Extracts of 
Tea.^ 


Robert H. Green. (Introduced by Francis G. Blake.) 

From Department of Internal Meclicine, Talc University School of Zlerlicine, New Haven, Conn. 


It was reported* previously that tannic acid 
inhibits the multiplication of influenza A virus 
in embryonated eggs. The tannic acid used 
was tannic acid, USP, a commercial sample, 
presumably extracted from nutgalls. During 
the course of studies designed to test the in- 
hibitor}- effect of tannic acid obtained from 
other sources, attempts were made to extract 
a suitable preparation of tannic acid from 
tea. Preparations having certain of the char- 
acteristics of tannic acid and showing inhibi- 
tory activity have been obtained; in addition, 
other preparations differing, in some respects, 
from tannic acid and showing somewhat 
greater inhibitory activity than the “tannic 
acid" fractions also have been extracted from 
tea. 

Materials and methods. The tea employed 
was a commercial sample of black tea. The 
PR8 strain of influenza A was used exclusive- 
ly. Materials to be tested were dissolved in 
water, autoclaved, and neutralized with 
sodium hydroxide. The specified amount, in 
a volume of 0.5 cc, was injected into the al- 
lantoic sac of 10-day embtymnated eggs and 
after an interval of one-half hour approxi- 

* Aided by .a grant from tbe United States 
Public Health Serrice. 

1 Green, R. H., Proc. Soc. Exp. Biol. .\xd JIed., 
194S, 07, 4S3. 


mately 100 ID.-,o of virus were inoculated by 
the same route. Inhibition of multiplication 
was considered to have occurred if, after 48 
hours incubation, allantoic fluid from eggs so- 
treated, did not agglutinate chicken erythro- 
cytes. 

Experimental. A desiccated hot water e.x- 
tract of tea was prepared and fractionated by 
the following methods: (1) by solubility or 
insolubility in absolute ethyl alcohol, (2) by 
fractional precipitation from aqueous solution 
with various concentrations of ethyl alcohol, 
(3) by precipitation from aqueous solution on 
addition of sufficient dilute HCl to reduce the 
pH to 2-3. Fractions thus obtained were 
desiccated and injected into groups of em- 
bryonated eggs, in amounts increasing by two- 
fold increments, one-half hour before inocula- 
tion of virus. The amount of each fraction 
per egg necessary to inhibit virus multiplica- 
tion in 50 per cent of the eggs was then deter- 
mined. In some instances, toxicities in terms 
of LD;o also were determined. 

Inspection of Table I reveals that all frac- 
tions showed some inhibitory activity. IMore- 
over, activity may be concentrated by removal 
of alcohol soluble materials, by precipitation 
at 88 per cent alcohol, and by precipitation at 
pH 2-3. Tannic acid USP is approximately 
twice as active but four times more tox-ic than 
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TABLE I. 

Effect of t-Epinephrine and LArtereno! on Eggivhite Edema in Rats. 







-■^Vg % 

Avg degree 



Dose, 

Xo. indiv. 

Xo, rats 

incidence 

of edema in 

Drug used 


/^gAg 

exp- 

used 

of edema 

affected rats 

Xone 


0 

16 

94 

907c 

2.5 -f- 

Epinephrine subcutaneous 

5 

if 

12 

85 

4 

f i 

tt 

2.0-30 

5 

49 

95 

3 


y 1 

3.0-40 

5 

32 

90 

3 

j > 

} ? 

50-5.O 

s 

64 

95 

3.5 

f i 

r y 

60-75 

3 

21 

65 

3,5 

fj 

yy 

100 

O 

11 

10 

trace 

1 1 

y 1 

140-1.50 

o 

10 

40 

f y 

j 1 

y j 

200 

i 

5 

20 

ty 

1 ) 

y y 

275 

1 

5 

0 

0 


ft 

550 

1 

5 

0 

0 

Epinephrine intramuscular 

25 

1 

8 

100 

3.0 


y 3 

.50 

2 

14 

50 

1.5 

1 J 

y y 

75 

1 

6 

35 

2.5 

? 1 

y y 

100 

o 

14 

10 

trace 

J » 

y y 

200 

1 

S 

0 

0 

Epinephrine in 

oil, subcut. 

40 

1 

5 

0 

0 

Arterenol subeut.aneous 

100 

o 

10 

90 

2.5 

f > 

*I 

200 

1 

5 

60 

2.5 

t y 

y 1 

400 

1 

5 

SO 

2.5 

ft 

y t 

500 

1 

5 

80 

2.5 

f t 

y t 

1000 

1 

5 

SO 

1.0 

1 * 

* 1 

2500 

1 

5 

20 

trace 

ft 

1 1 

3000 

1 

5 

0 

0 


Discussion. Gibbs, Hanzlik and Tainter' ' 
found that sjTnpathetic nert’e stimulation, 
drugs which cause release of epinephrine from 
the adrenal medulla, and vasoconstrictor drugs 
all inhibit />-phenylenediamine edema. Egg- 
white edema is similar in this respect. Selye’s* 
and Leger and ^Masson’s*' obser\'ations of a 
protective effect of “alarming stimuli’’ might 
be interpreted as a result of release of epin- 
ephrine from the adrenal medulla. Experi- 
ments designed to elucidate this point are in 
progress. 

In the course of this work, it was obsetved 
that intravenous Evans’ blue dye was extra- 
vasated into the edematous areas of the egg- 
while response, notably the feet. ears, nose, 
lips and tongue. This is similar to p-phenyl- 
enediamine injurj-."’ In both tj-pes of edema. /- 
epinephrine is more inhibitory than other 
pressor substances studied thus far. The pres- 
ent study would indicate therefore that /- 
epinephrine is a much more powerful arteriolar 
vasoconstrictor (depressor of capillary blood 
pressure) than /-arterenol. In spite of this, the 
latter has been reported to be 1 to 5 times 
more active than f-epinephrine in raisins the 
arterial blood pressure” ’" and has been 


thought to be the augmentor hormone of the 
sympathetic nervous system. 

The antihistamines tested, pjTibenzamine 
and phenergan, were 1/100 and 1/250 as ac- 
tive, respectively, as /-epinephrine, in pre%'ent- 
ing the edema. 

Summary. 1-epinephrine in a subcutaneous 
dose, 100 /jg per kg, inhibits eggrvhite edema 
in the rat. /-arterenol is about 1/25 as effec- 
tive. Isuprel is inactive. 

Since submitting tlie pre.sent manuscript, .several 
IKipcrs have appeared which have denion.stratcd 
the presence of considerable quantities of /-ar- 
tcrenol in naturally derived epinephrine prepara- 
tions, such as the one used in the j>re,sent study. 
The use of synthetic /-epinephrine, therefore, 
would have enhanced the difference in activitv of 
/-epinephrine and /-arterenol reftorted here. 

” Taintcr, ^[. L., Tuiler, B. F., and Luduena. 
F. P., Scirncr, 19-lS, lOT, 39. 

Euler, F. .S. von, Acta Phyriol. Scanrl., 194S. 
1«, C3. 

Luduena, F.- P., Ananenho, E., fjicgmund, 
O. IL, and Hiller. L. C., J. Pliarm. F.xp. Thrmp., 
in press. 

Recidved February Ifi, 1949. P.S.E.B.M., 1949. 71. 
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17090. /-Epinephrine and /-Arterenol on Egg White Edema in 

William G. Clark and Eaton M. MacKay. 

From The Scripps MetahoUe Clinic, La Jolla, Calif. 


A number of reports^*--^^ have described an 
extensive edema resulting from the intraperi- 
toneal or intravenous administration of egg 
white in the rat. The cause of the edema is 
unknown. There is no evidence that it results 
from .a foreign protein reaction as part of a 
protein hypersensitivity peculiar to the species. 
The edema may be of a type similar to p- 
phenylenediamine edema which has a peculiar 
cephalic distribution in cats, rabbits®"** and 
man’*' and which does not depend on previous 
exposure to the causative agent. 

- Selye’ and Leger and iMasson” observed 
that “alarming stimuli” inhibit the reaction 
and the latter workers also described a pro- 
tective effect of antihistamines in large doses 
as did Brown and Werner’- a fact which we 
have confirmed.! We have noticed that the 
edema is prevented by much smaller amounts 
of phenylethylamine pressor drugs and the 

* Supported hy a grant from the Life Insurance 
Medical Bcsearcli Fund. 

1 Selye, H., Endocrinol., 1937, 21, 1G9. 

2 Leger, J., Miissoii, G., and Prado, J. L., Proc. 
Soc. Exp. Biol, a.xd JIed,, 1947, 64, 3C0. 

3 Hanzlik, P. J., J. Jnd. Bijg., 1923, 4, 386. 

I Gibhs, 0. S., J. Pharm. Exp. Tlierap., 1923, 

20 , 221 . 

■"> Tainter, M. L., and Hanzlik, P. J., ibid., 1924, 
24, 179. 

0 Tainter, M. L., ibid., 1926, 27, 201. 

r Tainter, M. L., ibid., 1928, 33, 129. 

s Gibbs, 0. S., ibid., 1931, 42, 65. 

!i Cohen, At. B., ibid., 1933, 48, 235. 

10 JIalosctti, H., Fernandez, G. .T., and Jligliaro, 
E., Arch. Uriitiuaiios Med. Cir. y Espec., 1947, 
31, 25. 

n Leger, J., and Masson, G., Ann. Allergy, 1948, 
6, 131. 

w Brown, B. B., and 'Werner, II. W., J, Lab. 
Clin. Med., 1.948, 33, 325. 

t Pyribcnzaniine and phenergan [ (dimethyl-ami- 

no- 2 -niethyl-l-ethyl) -K-dibenzo-p-thiazine] were 

tested. The hatter was over twice as cSeetire as 
the former. ID mg/kg administered subcutane- 
ouslv at the same tiiiie as the eggwhite in.fection 
nearly completely inhibiting the edema, while for 
pyribenzamine. 25 nig/kg were required. 


object of the present communication is to re- 
cord this observation. 

Experimental. Freshly filtered or lyophil- 
ized and redissolved raw eggwhite in doses of 
O.S ml was injected intraperitoneally into 
albino rats of the Slonaker strain, of either sex, 
and of body weight ranges of 100 to 400 g. 
The incidence and degree of the edema of the 
face and extremities were estimated three 
hours afterward. The incidence was expressed 
as percentage and the degree by the 0 to 4 -f- 
method, averaging the reactions of the face, 
forefeet and hind feet. 

■ The drugs were injected subcutaneously at 
the same time as the eggwhite. The drugs 
reported here included /-epinephrine-HCl 
(Parke, Davis) and f-arterenol-HCl (Ster- 
ling-Win throp). 

In supplementary experiments to determine 
the effect of injection route and solvents, /- 
epinephrine-HCl in saline was injected intra- 
muscularly 30 minutes after the eggivhite, and 
in another experiment subcutaneously in oil.’” 
In both cases a comparison was made with 
the effect of epinephrine injected subcutan- 
eously at the same time as the eggivhite. 

Results. The results are summarized in 
Table I which includes 403 rats. 

The results show that under the e.xperimen- 
tal conditions used, the minimal preventative 
dose of f-epinephrine-HCl is about 100 micro- 
grams/kg when injected subcutaneously at 
the same time as the eggivhite. When injected 
intramuscularlj^, 30 minutes after eggwhite, a 
slightly greater protection occurred: and lyhen 
injected subcutaneously in oil, the protective 
dose was about half this. The minimal pre- 
ventive dose of /-arterenol-HCl was about 
2500 /ig/kg, thus, this substance is about 
1/25 as active as /-epinephrine-HCl. Isuprel- 
HCl [/-(3',4'-dihydro.\yphenyl)-2-isopropyl- 
aminoethanol-HCI] , a “sjunpathin-I-mimetic 
depressor amine, was inactive up to doses of 

25 mg/kg ivhich were toxic. - 

iRKepiiey, E. L., Lnll. Johns llopbins 
1938, 62, 227. 
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TABLE I. 

B, Values. 


Phenol 

Collidiii 

Compounds 

■ 65 % 80% 

71% 63% 

DL.V!iline 

E 1 1 lyl -X -DL- vali iie 

Isopropvl-X-DL-vaUuo 

Propyl-X-DL-valine 

Plieuyl-X -DL- valine* 

0.73 0.69 

0.94 

0.97 

0.99 

0.2.=) 0.43 

0.41 

0.43 

0.44 

DL-leucine 

EtIiy!-X-DL-leucinc 

Isopropyl-X-DL-leucinc 

Propyl-X-DL-lcucinc 

PIicnyl-X-DL-lcueine* 

0.81 0.74 

0.92 

0.96 

0.99 

0,37 O.ijo 

0.46 

0,56 

0,58 

DL-piicnylnlanino 
Etliyi-X-DL-piieiiylaljiiiine 
Isopropyl-X-DL-plieny la laiiine 
Propyl-X-DIi-plicnylalaainc 
Plienyl-X-DL-pIicnyJnlaninc* 

n.8.3 0.7G 

(1,94 

0.97 

0.99 

0,39 0.58 

0,53 

0.59 

0.61 


* Tlio jiUcnyl derivatives evaporated from tlic pa))er upon drying {see text). 


collidine and with phenol afterwards. It is 
important, as other authors have also sug- 
gested, that one run a control chromatogram 
of a known amino acid, to establish the neces- 
sary correction for the Rf values of the solvent 
mixtures used. 

Of further interest is the observed degree 
of ninhydrin color sensitivity of the N-sub- 
stituted amino acids. Recently Dent'"* re- 
ported that sarcosine reacts with an intense 
color formation. Plattner and Nager^ have 
observed positive ninhydrin reactions with 
methyl-N-DL-valine and methyl-N-L-leucine. 
It ivas found that these compounds boiled with 
ninhydrin did not produce any aldehydes or 
ketones, because they do not have two hydro- 
gen atoms on the nitrogen. The appearance of 

" Dent, C. E., liinclicm. .T., 1948, -IS, 109. 

rplnttncr, r. A., and Nager," D., Hrlr. Diiw. 
Jcin, 1948, 31, 2203. 


the ninhydrin reaction was positive irrespec- 
tive of whether the paper was e.vposed to ul- 
traviolet light or not. The positive ninhydrin 
color may be interpreted as being the result 
of a certain degree of hydrolysis that takes 
place under the effects of the solvents and 
heating that are used to develop the chromato- 
grams. The intensity of the reaction decreases 
with increase of chain length in the homolo- 
gous series of alkyl substitutions. The Rf 
lvalues, on the other hand, increase with the 
length of the substituents, in as much as the 
n-alkyl group exhibits a someivhat faster rate 
of movement than the corresponding branched 
chain isomer. 

Summary. X-substituted amino acid can 
be separated by paper chromatographic 
method. Also, X-substitution leads to the 
extinction of fluorescence of amino acids. 


Kcceix-P(l April 20, 1949. P.S.E.B.M., 1949, 71. 



88 


17091. Paper Chromatographic Identification of Some N-substituted Amino 
Acids.* 


Emery jM. Gal' and David jM. Greenberg. 

From the division of Biochemistry, Vnivcrsity of California ilctlical School, Berheley, Calif. 


Ever since Consden, Gordon and Martin^ 
introduced the use of paper chromatography 
it has been successfully applied to the resolu- 
tion of a great many biological mixtures. In 
the work presented here, paper chromatog- 
raphy was applied to the separation of a 
group of amino acid analogs studied for their 
tumor growth inhibitory effect on the trans- 
planted sarcoma 37 in strain “A” mice. 

The ascending capillary technic of Williams 
and Kirby- was adopted for the study of the 
separation of N-substituted amino acids in 
quantities of 25 y. The paper strips were sus- 
pended from paper clips carried by a toothed 
non-corroding nickel alloy support which was 
firmly attached to the heavy glass of the jar. 
This toothed support permitted the simultan- 
eous employment of 6 strips of Whatman No. 
1 filter paper (40 X 12 cm). The solvent 
mixtures employed were phenol-water and 
collidine-water. After the solvents reached 
a 20 cm liquid front (L.F.) value which was 
within 20 hours, the strips were removed and 
dried in air with the aid of an electric fan. In 
developing the ninhydrin reaction the papers 
were kept at 90° for 10 minutes. The dried 
strips were then examined under an ultraviolet 
lamp (General Electric bulb BH4). The free 
amino acids showed up as faint blue spots, 
whereas the N-substituted amino acids were 
recognized by the presence of absorbing, non- 
emitting dark spots on the paper. After the 
ultraviolet analysis, the paper strips were 
sprayed with a 0.15% ninhydrin solution in 
saturated butanol-water. 

Both the free amino acids and substituted 
analogs responded with spot formation on the 

* This work was supported by a grant from tlie 
Cancer jResearch Grants Brancdi, 17. S. Public 
Health Service, to Dr. David 11. Greenberg. 

t U. S. Public Health .Special Pelloiv. 

1 Consden, K., Gordon, A. H., and Martin, 
A. J. P., Biochem. J., 1944, 38, 224. 

2 -Williams, K. J., and Kirby, H., Science, 1948, 
107, 481. 


positions outlined by previous ultraviolet 
analysis. The N-substituted analogs, however, 
gave spots far below the intensitj' of those of 
their corresponding amino acids. It was found 
that both color intensity and Rf values could 
be correlated with the rate of hydrolj'sis of 
the substituent and with the character of the 
steric arrangement. Thus, the size of the iso- 
propyl chain is someivhat smaller than that of 
the propyl, which expresses itself in the some- 
what greater Rf value of the latter. The 
phenyl N-substituted amino acids, however, 
disappeared from the paper either by this 
method of drjing or by heat drying. The 
phenyl derivatives showed definite melting 
points between 110 and 180° and were quite 
soluble in organic solvents. Thus, it is very 
likely that the small amounts used are re- 
moved along with the solvent vapors from the 
paper strips during drying before any spot de- 
velopment can be observed, for, if control 
paper strips, untreated with solvent mixtures, 
carrying the phenyl derivatives were treated 
with ninhydrin solution, spots characteristic 
of traces of unsubstituted amino acid showed 
up, just as in the case of the other N-substi- 
tuted amino acid-analogs. 

Table I represents the tabulated Rf values 
of certain of the N-substituted and of the cor- 
responding free amino acids. It must be em- 
phasized that the spots developed by ninhy- 
drin can not be attributed to the presence of 
traces of amino acids as impurities, as syn- 
thesis of the analogs did not employ amino 
acids at any stage of the work. Furthermore, 
the microanalytical values of the compounds 
agreed closely w'ith the calculated ones. .As 
the table shows, Rf values varj- greatly ac- 
cording to the concentration of w'ater in the 
solvent mixtures. In 65% phenol the N-sub- 
stituted amino acids move almost as fast as 
the liquid front. Separation is not sharp and 
use of this solvent mi.xture becomes practical 
only in two dimensional work provided the 
chromatogram is developed first with 71% 



Guinea Pig Nutrition Studies 


91 


TABLE I. 


Effect of Different Amounts of Potassium Acetate and Magnesium Oxide on Growfli of Guinea 
Pigs Becciviiig a Purified Basal Bation Pius 15% Gum Arabic. 


Potassium 

acetate, 

■ % 

Magnesium 

oxide, 

7c ' 

No. of 
animals 

Avg gain in wt 
during 6 wks, 
g/day 

None 

None 

4 

5.2 

2.5 

0.25 

4 

5.3 

2.5 

0.5 

5 

7.2 

2.5 

1.0 

4 

5.1 

5.0 

1.0 

4 

6.2 

1.25 

0.5 

3 

6.2 


TABLE ir. 

Gro^vtl^ of Guinea Pigs on Different Eations. 

Avg gain in vrt 
No. of during 6 uks, 

Ration animals g/day 


Basal gum arabic 4 

Basal + potassium acetate J- magnesium oxide 4 

Basal + gum arabic + potassium acetate + magnesium 

oxide 13 

Basal + gum arabic + potassium acetate + magnesium 
carbonate 4 

Basal -{■ gum arabic + potassium acetate + magnesium 
acetate 4 

Basal 4- gum arabic + potassium acetate + magnesium 

sulfate 4 

Basal 4- gum arabic + potassium bicarbonate 4- 
magiiesium o.xide 4 

Basal 4- gum arabic + potassium dibydrogen pliospliate 

4" magnesium oxide 3 

Rockland stock diet 9 


5.2 
2,6 

6.4 

6.2 

7.1 

5.4 

5.2 


5.5 

6.0 


menl lasting 11 weeks showed that the “norm- 
al’’ growth on the ration containing potassium 
acetate and magnesium o.vide continued at 
least this length of lime. Of the other salts 
tested magnesium acetate showed a very good 
growth response. Further experiments with 
larger numbers of animals are required, how- 
ever, to show the comparative values of dif- 
ferent salts. 

Since potassium acetate and magnesium 
oxide were not active in the absence of the 
gum arabic, it appears that they maj’ produce 
conditions in the tract which allow the pres- 
ence of an intestinal flora more beneficial to 
the host. The assumption that the\- may 


raise the pH in the cecum is probably not 
correct because it was found that the pH of 
the cecum was the same (average 6.9) irre- 
spective of whether or not the diet contained 
added K and ^Ig. 

Summary. A normal rate of growth for 
guinea pigs, comparable with the growth on 
commercial rations, was obtained when potas- 
sium acetate and magnesium oxide were added 
to a purified basal ration containing all of the 
known nutrients (except vitamin and 
15% gum arabic. The best results were ob- 
tained with 2.5% potassium acetate and 0.5% 
magnesium o.vide. 

Received March 28, 1.049. P..S.E.B.M., 1040, 71 . 
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17092. Importance of Potassium and Magnesium in Nutrition of the 
Guinea Pig.*^ 


Paavo Roine,^ A. N. Booth, C. A. Elvehjem, ano E. B. Hart. 

From Vepartment of Biochemistry, Cotlcge of Agriculture, University of ir’isconsin, iraclisnj,. 


Several extensive studies have been made 
to devise a purified ration which will give 
growth in guinea pigs equivalent to that ob- 
tained with commercial rations (about 7 
g/day). Booth et al.^ recently found that 
powdered gum arable, when added to a puri- 
fied synthetic ration at a level of 15%, in- 
creased the daily growth from 1.8 to S.l g. 
When in addition to gum arabic the ash from 
alfalfa leaf meal was added to the ration at 
a level equivalent to 25% of alfalfa, nearly 
“normal” growth was obtained. The partic- 
ular constituents of alfalfa ash responsible for 
the activity observed were not identified. In 
this paper -we report e.\periments which were 
conducted to determine the active components 
c-f alfalfa ash. 

Experimental. The experimental procedure 
was similar to that of Booth et al.^ The syn- 
thetic basal ration consisted of; sucrose 
60.9%, casein (vitamin-free) 30%, salts IV- 
4%, fortified soybean oil 4%, sucrose mixture 
containing B vitamins 0.8%, and choline 
0.3%. The fortified soybean oil supplied 1.2 
mg of jS-carotene, 12 mg of a-tocopherol, 8 yg 
of calciferol and 0.2 mg of menadione per 100 
grams of ration. The vitamin B mixture sup- 
plied 1 mg of thiamine hydrochloride, 1.4 mg 
riboflavin, 1 mg pyridoxine, 3 mg calcium 
pantothenate, 200 mg inositol, 10 mg niacin, 
10 mg p-aminobenzoic acid, 0.04 mg biotin 

* Published with the approv.il of the Director of 
the Wisconsin Agricultuml Experiment Station. 
This work was supported in part by funds granted 
by the ^rational Dairy Council, Cliicago, on behalf 
of the American Dairy Association. . We arc in- 
debted to Merck and Co., Inc., Rahway, JT. J., for 
supplying the synthetic B vitamins and a-toco- 
pherol and to the Winthrop Chemical Co., Inc., 
ICew York, for crystalline vitamin Do. 

i Rockefeller Eoundation Fellow. 

1 Booth, A. N., Elvehjem, C. A., and Hart, E. B., 
J. Kutritiou, 1949, S7, 2G3. 

a Hegsted, D. M., Mills. R. C., Elvelijcm, C. A., 
and Hart, E. B., J. Biol. Chem., 1941, 138, 439. 


and 0.3 mg folic acid per 100 grams of ration. 
Vitamin C dissolved in sucrose solution was 
fed with individual pipettes at a level of about 
25 mg every other day. Gum arabic was 
u.sed at a level of 15%. The gum and the 
different inorganic compounds tested were 
added to the ration in place of an equal 
amount of sucrose. 

Results. Since it seemed possible that the 
beneficial effect of alfalfa ash obsen'ed by 
Booth et al. was due to its alkalinity, certain 
alkaline compounds were used in place of the 
ash. It was noticed in preliminarj' experi- 
ments that the addition of potassium acetate 
or magnesium oxide to the basal ration 
containing gum arabic distinctly improved 
the growth. Very good growth was obtained 
with mixtures of these two minerals. The re- 
sults of an experiment in which different levels 
of potassium acetate and magnesium oxide 
were fed are given in Table I. The best grow'th 
was obtained when 2.5% potassium acetate 
and 0.5% magnesium o.xide, i.e., 1.0% K and 
0.3% Mg, were added to the ration. The 
amounts of K and Mg in the basal ration 
supplied by salts IV are 0.56% and 0.04%, 
respectively. 

Table II shows the results of experiments 
in which other compounds of K and Mg were 
compared with potassium acetate and mag- 
nesium oxide. The amount of potassium 
acetate used in the rations given in Table 11 
was 2.5% and an equivalent amount of potas- 
sium was given as potassium bicarbonate and 
phosphate. Magnesium oxide w'as used at a 
level of 0.5% and an equivalent amount of 
magnesium was included in the other magne- 
sium compounds. The data show that the 
growth of the animals receiving potassium 
acetate and magnesium o.xide but no gum 
arabic was rather poor. However, growth 
equal to that of animals on the stock ration 
was obtained, when these minerals were fed 
in the presence of gum arabic. -An e.xperi- 
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FiO. l:i, A medium tropliozoito of P. lopliunic in a 
mature mouse orytlirocytc. 

Fig. 11). A segmeuting pnrusite of P. lophurne in a 
slightly cniarged mouse erythrocyte, from a smear made 
36 hours following introdnetion of mammalian cells. X 1600. 


which limes avian cell infections averaged 
about 8000 per 10,000 red blood cells. Five 
to 11 merozoites, smaller than those in avian 
erj'lhrocytes, were produced, generally in a 
rosette form. Xo gametocytes were found. 

Cultures prepared according to the formula 
of Trager^ using whole mouse blood in con- 
junction with infected chick embryo blood 
indicated a certain amount of. invasion of 
mouse erythrocytes in vitro. 

In view of the high degree of host specificity 
of avian malarias, it is surprising that cells 

I Trugcr, IV., J. Partmilol., 1947, Sil, 34.5. 


of hosts SO distantly related as to be placed 
in another phylum are invaded. Parasitism 
of mouse cells might, therefore, demonstrate 
that in certain cases the resistant principle 
lies in the serum constituents, rather than in 
the erythrocyte. P. lophxtrac is transmitted 
readily by Anopheles qtiadriwacttlaius and 
this fact, along with the successful infection 
of mouse erilhrocytes, might indicate a closer 
relationship between P. lophurac and mam- 
malian malaria parasites than was previously 
supposed. 

Rfcuived April 19, 1949. F.S.E.B.M., 1949. 71. 


17094. A Falling Sphere Method for Studying Clotting in Systems of Puri- 
fied Blood Components, 


William C. Quinby, Jr., Philip F. Wagley, and Irwin W. Sizer. 
(Introduced by Francis 0. Schmitt.) 

From ihc Vcpartmci\t of JSiotopij, ilasnaclmsetts Institute of Tcdinntofnt. 


Although the conversion by thrombin of 
fibrinogen to fibrin is generally used as an 
indicator of reactions occurring earlier in the 
process of blood coagulation, methods for the 
study of this conversion, with very few e.\- 
ceptions, metisure only a single end-point in 
fibrin formation.' It is apparent that a 
method which measures quantitative changes 

I Quick, A. .T., The Hemorrhagic Di.nea.'si'S and 
the Fliysiology of llemo'.tasis, Charle.*) C. Thoma?, 
SiiringlU'hl, 1949. 


in the coagulation system up to some definite 
end-point might be of value in following the 
kinetics of the system. .An involved technic 
has been reported- for measuring early alter- 
ations in clotting systems by recording 
changes in intensity of transmitted light as 
coagulation proceeds. Alethods based upon 
changes in viscosity of a clotting solution have 

eNyuaarcl, K, K., Henuirrhagic Disease. I'hoto- 
clittric Study of Blood Coagiilatitiii, C. V, Moshy 
Company, St. Louis, 1941. 
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1/093 P. Infection of Mammalian Erythrocytes by the Avian Malaria 
Parasite, Plasmodium lophurae.^ 

R. Barclay McGhee. (Introduced by Carl TenBroeck.) 

From ihe Department of Animal and Plant Pathology, The Pocl-efcUcr In.itUntc for Medical 

Sescarch, Princeton. A’ 


Reports concerning attempted infection of 
mammals with avian malaria parasites are 
limited, although recently Beckman obtained 
negative results following introduction of 
Plasmodium cathemcrium parasites into man' 
and the guinea pig.- In a series of e.xperi- 
ments unrelated to the immediate problem, 
the author noted that guinea pig erj^throc^des 
injected into normal 10 May chick embrj'os 
survived for a period of 4 days. .\s a result 
of this finding, it was decided to investigate 
the possibility of securing infection of mam- 
malian cells in chick embryos infected Mth 
P. lophurac, a parasite to which chick embr}''OS 
have been found to be highly susceptible.^ 

White leghorn embrj'Os of 10 days’ incuba- 
tion were given intravenous injections of 
3 X 10" parasites, representing the 24th pas- 
sage of P. lophurac in embrj'os. Two tenths 
cc each of twice washed erythrocytes of mouse, 
rat, rabbit, dog, sheep, and man were injected 
intravenously into embryos on the 2nd day 
after parasite introduction, at which time the 
infections averaged about 1100 per 10,000 
avian erythrocytes. Blood films were usually 
made twice daily thereafter, although in cer- 
tain embryos 4 or S smears were made in a 
24 hour period. Giemsa’s stain was used. 
Only cells agreeing in size, morphology, and 
staining reactions wth the mammalian cell in- 
troduced were considered in determination of 
infection, since during the later stages of 
embryo infection artifacts arose which might 
have led to false identification. 

Dog and rabbit erythrocytes were not well 
adapted to survival in chick embryos, the 

• Tlie .author wishes to express his gratitude to 
Dr. tv. Tr.ager for constructive criticism and gen- 
erous assistance througliout this work. 

1 Beckman, H., Proc. Soc. Exp. Biol, axd JIed., 

1947, C6, 401. 

2 Beckman, H., Proc. Soc. Exp. Biol, a.xd JfEB., 

1948, C7, 172. 

0 JIcGhec, K. B., .7. Parasitnl, 1949, in press. 


former killing the embryo in a period of 12 
hours, the latter disintegrating rapidly. Sheep 
and rat red blood cells were well preserved 
even after 3 days but were uninfected. Guinea 
pig cells, although surviving better than those 
of 'the rabbit, disintegrated to the point that 
thej' were difficult to separate from abnormal 
avian erjilirocytes. Therefore, although 
many infected cells suggesting those of the 
guinea pig were seen, the results were con- 
sidered negative. Human erj'throcytes re- 
tained their characteristic morphology 
throughout the period studied. Two infected,^ 
cells were found, both with early trophozoites 
of P. lophurac. Infections were so low, how- 
ever, that this tjTie of cell was regarded as 
unsuitable for further study. 

Erythrocjdes of Swiss mice maintained 
their morphology and were readily parasitized. 
The proportion of mammalian to avian eryth- 
rocytes was usually 1:2. Infected mouse cells 
were found as early as 12 hours after intro- 
duction, although the ' percentage of infected 
erythrocytes remained low never exceeding 10 
per 10,000. Very few doublj' infected cells 
were observed. Early trophozoites were simi- 
lar to corresponding stages in the avian erj'th- 
rocytes. M.ore mature trophozoites frequently 
elongated into the band forms characteristic 
of P. malariac but, like this parasite, thej' 
were sometimes seen as spherical masses in the 
center of the host cell (Fig. la). Pigment 
granules were small, golden-brown spheres. 
The cytoplasm was homogenous and stained 
similarly to P. lophurac parasites in chicken 
erythrocytes. Nuclear structures of tropho- 
zoites were identical with P. lophurac in chick- 
en red blood cells, .'\fter two nuclear divisions 
parasites occupied a large proportion of the 
host cell and in later stages caused the cell to 
enlarge. Pre-segmenting forms with 7-10 nu- 
clei were seen after 32 hours, and fullj' seg- 
mented parasites were seen 36 hours following 
introduction of erj'throcj'tes (Fig. Ib) at 
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tion became opaque a plexiglass bead* (mois- 
tened with saline) was inserted in the upper 
end of the tube and allowed to fall to an 
abrupt slop. The elapsed time from mixing 
of solutions to this sharp end-point was taken 
as the clotting time. Fibrin or air bubbles 
clinging to the bead disturbed its fall and ren- 
dered the end-point uncertain. The pH was 
6.2 in both clotted and unclotted preparations. 

Results. Scries A (Fig. 1) shows the statis- 
tical variation in I SI runs before any stand- 
ardization of the technic as described above 
was made. The arithmetical mean is 56.2 
seconds and the mode is the same indicating a 
normal distribution curve. The standard de- 
viation is 2.87%. 

Scries B shows the scatter of e.xperimental 
data obtained in 113 runs after standardization 
of the technic but employing fibrinogen solu- 
tions varying in age from only a few minutes 
to several hours. The arithmetical mean is 
55.7 seconds, the mode is 55.2 seconds and the 
standard deviation is 2.5%. 

Series C includes data of 29 runs in which 
the variation caused hy deterioration of the 
fibrinogen solution was reduced by using a 
freshly prepared solution every 10 runs (the 
solution was always less than one and a half 
hours old when used) . The arithmetical mean 
is 53.5 seconds, the mode is 55.3 seconds and 
the standard deviation is only 0.98%. 

Scries D shows the accuracy obtained when 
the errors of weighing, diluting, etc, of different 
samples are minimized by using the same solu- 
tions of fibrinogen and thrombin throughout 
12 runs. The runs were made in less than 
one and a half hours in order to minimize the 
effect of aging on the thrombin and the fibrin- 
ogen, The arithmetical mean is 54.1 seconds, 
the mode is 54.1 seconds and the standard 
deviation is 0.49%. 

Deterioration of fibrinogen and thrombin 
in solutions standing at 25'’C was manifested 
by a gradual prolongation of the clotting time. 
Fig. 2 illustrates the rapid increase in clotting 

* .S]tlieric;il lic.Tds were made of jiloxiglass 
(hioito), .a.g.'i i 0.1 mm in diameter and \vi'i(;hiric 
21.0 mg. They were .«tandardircd for uniformity 
t'v timing ttieij fall over a definite distance in .a 
tnljc full'd with fibrinogen solution. 



AGE OF FIBRrNOGEN SOUUTIOH IN HOURS 

Fig. 2. 

The clotting time is shown to increase with tho 
age of a filirinogen solution allowed to stand over 
fi hours at 25°C. 



ACE OF THROIfflIN SOLUTION IN HOURS 
Fio. 3. 

Clotting time is shown to incre.ase with the age 
of a thrombin solution allowed to st.and over 4S 
hours .at I'C. 

lime oi a fibrinogen solution as demonstrated 
by coagulating aliquots of it at successive in- 
tervals over a period of six hours using a fresh 
thrombin solution. The activity of thrombin 
solutions also changed on standing, but at a 
very low rate as illustrated in Fig. 3. 

By inserting successive beads at various 
intervals before gelation was complete and 
timing the rate of fall of the beads over a 
measured length of tube, the data for the 
kinetics curv'e of Fig. 4 were obtained. The 
rate of fall of the bead is plotted as a func- 
tion of the duration of the action of the throm- 
bin upon the fibrinogen. There was no ap- 
parent change in the viscosity of the mixture 
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Fio. 1. 

Frequeucj- distribution curves of coagulation limes, as measured by 
the falling sphere method, of many different experiments on the throm'- 
bin-fibrinogen system. For the e.xperimcntal conditions of each series of 
runs, see text. 


been described but not in quantitative terms.^ 
Tbe purpose of this study was to develop and 
standardize a quantitative technic for measur- 
ing coagulation employing purified thrombin 
and fibrinogen. This method is based upon 
the measurement of gelation Avhich occurs in 
a system during 'the conversion of fibrinogen 
to fibril! and utilizes Stoke’s law for a falling 
sphere in the measurement of viscosity. 

Materials and methods. Bovine thrombin 
(Upjohn) was dissolved in 0.85% NaCl solu- 
tion in a concentration of 20 units per milli- 
liter immediately before use. Fraction I of 
bovine plasma (Armour) was employed as 

’3 Hedeuius, P., Acta meS. Scand., 1936, 88, 440. 


fibrinogen in a concentration of 0.2% in 
0.85% NaQ solution; the fresh solution was 
filtered through anal 3 dical filter paper before 
using. After adjusting all preparations to 
25 i: 0.3°C by immersing in a thermostatic- 
ally controlled water bath, three-tenths milli- 
liter of fresh thrombin solution was added to 
fifteen milliliters of fibrinogen solution at zero 
■time and rapidly mixed bj’’ a rotary' movement 
of the beaker. A pyrex glass tube eight milli- 
meters in diameter, forty centimeters long and 
stoppered at one end was filled to the brim 
with the mixture and placed vertically in tlie 
water bath with about 3 cm of the upper end 
of 'the tube above the surface. .As the solu- 
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glutjnins which might be present in the serum. 
(2) After the first stage of the reaction was 
completed and before the precipitin serum was 
added, the sensitized cells were washed several 
times with large volumes of saline in order to 
remove the supernatant serum proteins which 
could inhibit the reaction. Aloreschi thought 
that his test served to accentuate the reaction 
of immune agglutmns. Actuallj', we now 
know, principally as result of the recent work 
on Rh antisera, that the test is specific for 
so-called wiivalcut antibodies or gluthiins. 

Following the demonstration by one of us--^ 
that Rh-negative individuals sensitized to the 
Rh factor may produce two sorts of Rh anti- 
bodies, namely, Rh agglutinins (bivalent anti- 
bodies) and Rh blocking antibodies or agglut- 
inins (univalent antibodies), Coombs ct at} 
suggested the application of the anti-globulin 
test as a means of delecting univalent Rlr 
antibodies. The purpose of the present com- 
munication is to describe a modification of 
the anti-globulin test by which it is possible to 
identify human serum globulin specifically 
and estimate its concentration. 

Materials and method. The principle of 
the absorbed, diluted anti-human-globulin 
is as follows. The solution to be tested for 
the presence of serum globulin is mi.xed with 
the absorbed, diluted anti-human-globulin 
serum and the mi.xture allowed to react in a 
water bath at 37°C for one hour. Then a sus- 
pension of Rh-positive cells, coated with Rho 
univalent antibody, is added and the mixture 
allowed to stand for a second period of incu- 
bation, after which the reaction is read. Fail- 
ure of clumping to occur indicates the presence 
of human serum globulin in the material being 
tested; the occurrence of clumping indicates 
the absence of human serum globulin. 

The sensitized Rh-positive cells used in the 
test were prepared as follows. A fresh, 2% 
suspension of Rho-positive red cells in saline 
was prepared and washed once with saline 
solution. This suspension was mixed with an 

Wictipr, A. S., Pp.oc. Poc. Esi’. Biou .^.s'd Med., 
5044. 173. 

aWictipr, A. S.. J. Lnh. ami Clin, itnl., 1045, 
SO, fiG2. 

< Coombs, 15. R. A., Moaranl, A. E., and Race, 
R. R., Tint. J. Kxp. Path., 1P4.5, 20, 2.55. 


equal volume of an Rho antiserum containing 
univalent antibodies with a titer of approxi- 
mately 100 units by the albumin-plasma 
method.-' This mixture was allowed to react 
in the incubator at 37°C for 45 minutes. The 
tube was then centrifuged at moderate speed, 
the supernatant fluid discarded, and the sedi- 
mented cells washed four times with large 
volumes of saline solution. The sensitized 
cells were then resuspended in sufficient saline 
to make a concentration of approximately 2%. 

The antiglobulin serum used in these experi- 
ments had been prepared in the usual way and 
was kindly provided by Drs. Peter Vogel and 
Richard Rosenfield. 

In the experiments to be described the fol- 
lowing materials were tested: normal human . 
adult and umbilical cord serum ; human spinal 
fluid, saliva, semen and urine; and normal 
animal serum from horse, ox, rabbit, and 
rhesus monkey. The tests were carried out 
quantitatively by preparing progressivel 3 ^ 
doubled dilutions in saline solution of the 
material to be tested and mixing a drop of 
each dilution, in a corresponding series of 
small test tubes, with a drop of the anti-human 
globulin serum. .After 45 minutes incubation 
at iT’C, a drop of the suspension of Rh-posi- 
tive, sensitized cells was added to each tube; 
the tubes were shaken and reincubated for 
60 to 90 minutes. The lubes are then genth' 
shaken and the reactions read with the naked 
eye and under the low pow-er of the micro- 
scope. 

Results. Table I contains a selection of the 
results obtained in the various e.xperiments. 
The tests shown in the table were not all done 
on the same day but are combined for purpose 
of comparison. 

With the technic used, normal adult human 
serum completely inhibits the agglutination 
reaction of the anti-human-globulin serum in 
dilutions as high as 1:500, on the average. It 
is necessary' to emphasize at the onset that 
the method shares the limitations of all other 
serological titrations, namely, a lack of pre- 
cise reproducibility. In tests made on dif- 
ferent days or even on the same day, varia- 
tions in titer as great as two serum dilution's 

r.WjciieT, A. S., and Hurst, .T. G., T.xp. Mai. and. 
Stirti., 1047, 5, 2S5. 
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TIME IN SECONDS 

Fig. 4. 

The rate of fall of jile.xiglass beads, expressed in 
centimeters per second, is plotted as a fmietion of 
the time elapsing between mi-xing fibrinogen with 
thrombin and inserting a bead info the solution. 
Beads were allowed to fall into the solution 30 
seconds after mixing the thrombin and fibrinogen 
and at 5-10 second intervals after that until gela- 
tion had occurred. 

for approximately the first 46 seconds of the 
reaction. Then followed a rapid increase in 
viscosity leading to gelation and a cessation 
of falling of the bead. The reproducible clot- 
ting times that we have been able, to obtain 
in the statistical study find a ready explana- 
tion in the abrupt change in the curve asso- 
ciated with coagulation. 

Using 0.3, 0.4, 0.5 and 0.6 ml of thrombin 
solution (concentration 10 units per ml) 
average clotting times of 106, 84, 69, and 60 


seconds respectively were obtained, (.-^t each 
dilution the range of readings was ± 3% of 
the average clotting time). These results 
indicate a roughly linear relationship between 
thrombin concentration and rate of clotting. 

Three different commercial lots of fibrino- 
gen gave different absolute clotting times un- 
der standard conditions owing partially at 
least to variation in solubility and “percent of 
clottable protein” in the plasma fraction I. 
However, different samples of the same lot 
gave consistent results. The thrombin showed 
much less variation of activity between lots. 

Summary. 1. To study the coagulation of 
the fibrinogen-thrombin system, a simple rapid 
method has been developed which measures 
the time required for the developing coagulum 
to stop the fall of a plastic bead in a glass 
tube containing the fibrinogen-thrombin mix- 
ture. 

2. The “clotting time” thus obtained, in- 
creases somewhat with the age of the throm- 
bin and fibrinogen solutions. 

3. Kinetic studies of the coagulation process 
indicate that there is no change in viscosity 
for a considerable time after the mixing of 
thrombin and fibrinogen, but that this phase 
is followed by an abrupt increase in viscosity 
signifying coagulation of the system. 

4. The rate of clotting varies with thrombin 
concentration in a roughly linear fashion. 

Received M.ircli 29, 1949. P.S.B.B.SI., 1949, 71. 


17095. A New Serological Test (Inhibition Test) for Human Serum 
Globulin. 


Alexander S. Wiener, Malcolm A. Hyman, and Lillian Handjian. 
From the Serological LaVoratory, Office of 


Moreschi^ described a special serological 
technic by which it is possible to demonstrate 
the presence in immune sera of antibodies 
for red cells or bacteria in higher titers than 
bv the classic asglutination technic. His tech- 
nic consisted in first titrating the antiserum 
against the test blood or bacte rial suspension 

40, 49; ihid., 1908, 40, 45G. 


the Chief Medical Examiner, Xcic Tori; City. 

in saline media and subsequently adding a 
precipitin serum against the serum of the 
animal providing the antiserum for the ery- 
throcytes or bacteria. The following precau- 
tions were necessary in order that this test 
might work: (I) The precipitin serum had to 
be absorbed with the washed erythrocytes or 
bacteria used as antigen, m order to remove 
an3' natural hemagglutinins or bacterial ag- 
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blood serum. With abnormal spinal fluid 
such as those obtained from syphilitic patients, 
higher inhibition titers were obtained, as to 
be expected. Saliva gave definite inhibition 
though only in low titer, in conformity wth 
the known presence in this secretion of small 
amounts of serum globulin. Only doubtful 
reactions were obtained with normal human 
semen and urine. 

Experiments were also conducted to deter- 
mine the ability of animal sera to inhibit 
the anti-human-globulin serum. As shown 
in the table, serum from horse, ox, and rabbit 
had no apparent inhibiting action. Rhesus 
serum weakened the clumping, even when 
highly diluted, but did not inhibit the reac- 
tion completely. This indicates the presence 
in rhesus serum of a serum globulin chemical- 
ly related to, though qualitatively different 
from the globulins in human serum. 

Summary and cancluswns. 1. A new sero- 
logical method of demonstrating human serum 
globulin has been described, based on its 
ability to inhibit the agglutinating action of 


anti-human-globulin serum for Rh-positive 
human red cells coated with Rho univalent 
antibody. 

2. Using this technic, further evidence was 
obtained that the Rh antibody coating sensi- 
tized Rh-positive cells is a serum globulin. 

3. With the new technic it is possible to 
demonstrate the presence in normal spinal 
fluid, and in saliva of small amounts of serum 
globulin, in proportion to the knoum concen- 
tration in these fluids. Normal human semen 
and urine failed to inhibit the antiglobulin 
serum. 

4. Umbilical cord serum inhibited anti-glob- 
ulin serum to the same titer as adult serum. 

5. Serum from horse, ox and rabbit did not 
inhibit the anti-human-globulin serum, while 
rhesus monkey serum merely weakened its re- 
actions. 

6. The new technic may find application not 
only in clinical medicine, but also in forensic 
work for the examination of blood stains, and 
in studies on biochemical evolution. 

Ilocoivcd Marcti 17, 1S>4S>. P S.E.B.M., 3949, 71. 


17096. Relationship of Catalase Activity to Virulence in Pasteurella pestis. 
Moimts Rockenmacher. (Introduced by A. P. Krueger.) 

From 0{!icc of Xaval Picscarch Task V, Dcpnrtmrnl of TiactcrMopy, and V. S. Xavnl :ircelicn} 
Jicscorcli Unit A’o. I, L'nii’cr.>:i(i/ of Californin, IScrVrlry, CtiUf. 


Huddleson* and Merz- observed that viru- 
lent Brucella organisms showed greater cata- 
lase activity than avirulent strains. This in- 
vestigation was undertaken to determine 
whether a similar relationship exists for Pas- 
teurcUa pcslis. It was felt that such findings 
might be applied to the development of a 
rapid, inexpensive, in vitro method for viru- 
lence titration. Furthermore, such a relation- 
ship would indicate a basis for approaching 
the problem of virulence along the lines sug- 

1 Iliiddio.'ion, I. F., Univ. Midi. Agri, Kx[i. Hl.i- 
tioii, Tediiiic;\l Bull. 1S2, .T.iiui.irv, UM2, 

- Morr. 1’.. IBicr die Kataiiiiien dcr Bnu-dlen, 
Inriuguriil Bi'.sort.'itiim fur tlic llegret’ of Doctor 
of \ eteriiiiiry Medieiiic, Fiiiversitv of Zuridi, 
lO.lS. 


gested by Jawetz and Meyer^ who state, “It 
appears probable that the final criterion of 
virulence wall have to rest on a biological and 
chemical identification of the bacterial en- 
zyme systems which are responsible for the 
multiplication of the plague bacilli in the 
animal host.” 

Procedure. Huddleson’s' method was modi- 
fied as follows to measure the catalase activity 
of virulent and avirulent strains of P. pcslis. 
Standard bacterial suspensions were prepared 
from twice-washed, 24 hour, heart infusion 
broth cultures suspended in phosphate buffer 
and adjusted to a turbidity of 100 d: 5 on the 
scale of the Klett-Summerson photoelectric 

3.Tawrt3!, E.. .and ^fcrcr, K. F,, ^Im. ,7. Pntl7., 
1P44, 20, 437. 



TABLE I. 

Besults of ln\ii Vit\oii Tests, Using Babbit Aiiti-IIutiiau-GloliHliii Scriiiii niid Bh-Positivc Eiytlirnoyteg Cootoil Avitli Aiiti-Rlin Olutiiiin. 
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were not unusuaJ, so that only a tolerable de- 
gree of accuracy was possible by averaging the 
results of several titrations. In addition the 
end points of the inhibition titrations were 
often difficult to determine due to the irregu- 
larity of the degree of clumping in successive 
tubes in many of the experiments. 

In an attempt to determine which serum 
fraction is responsible for the inhibition of 
the anti-globulin serum, titrations were carried 
out with purified human serum albumin and 
purified human serum globulin. The serum 
albumin used was a 25 percent salt-poor solu- 
tion purchased from Cutter Laboratories. The 
serum globulin was a 10 percent solution of 
Squibb’s Red Cross Gamma Globulin, kindly 
provided by Dr. P. Vogel. As shovm in the 
table, the serum albumin failed to inhibit the 
anti-globulin serum, while the serum globulin 
inhibited the serum strongly, in accordance 
with expectation. These results therefore pro- 
vide additional proof that the antibody coat- 
ing the sensitized red cells consists of serum 
globulin. It is lo be noted that the inhibition 
titer of the purified human globulin is higher 
than -that of unprocessed serum, in proportion 
to the concentration of globulin. 

A few tests were performed with human um- 
bilical cord serum, which gave titers approxi- 
mately equal to those of normal adult serum. 
Even assuming that the fetus rn ntero is in- 
capable of producing serum globulin, this find- 
ing was to be expected from the fact that uni- 
valent maternal antibodies readily traverse 
the placenta into the fetal circulation until 
the titers in the maternal and fetal circulation 
are equal.®’" 

The normal human spinal fluid inhibited 
the anti-globulin serum but only up to the 
dilutions of appro.ximately 1:2 or 1:4. Since 
normal serum contains approximately 7 g of 
protein per 100 cc while normal spinal fluid 
contains only about 30 mg per 100 cc, the in- 
hibition titer of appro.ximately 3 units ob- 
tained for spinal fluid corresponds satisfactori- 
ly to the e.xpectation, on the basis of an inhi- 
bition titer of appro.ximately 500 units for 

6 Wiener, A. S., and Sonn, E. B., .K Liib. anil 
Clin. Med., 194C, 31 , lOlG. 

7 Wiener, A. S., Ann. Allergy. 1948, 0, 203. 
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colorimeter using a green filter (540 mu) and 
a 15 mm cuvet. Five ml of this suspension 
were pipetted into the substrate solution (23 
ml of 0.48 N HoOe in 0.03 M Sorenson phos- 
phate buffer at pH 6.80) in a 250 ml Erlen- 
meyer flask shaken at 100 oscillations per 
minute. At 5, 15, 30 and 60 minute interv'als, 
5 ml samples were removed to beakers con- 
taining 3 ml of 7 N HiS 04 and titrated with 

0.1 N 01004 . Blank titration showed that 
no spontaneous decomposition of HiO^ oc- 
curred during the experiment. EnzjTue ac- 
tivity is proportional to the quantity of HjOe 
decomposed. 

The viable bacterial count of the stand- 
ard suspensions was determined by surface 
plating, and virulence w'as titrated by injecting 

0. 2 ml of appropriate dilatioas subcutaneous- 
ly into 8-14 week old mice, 10 mice being 
used for each of 3 serial dilutions. 

Results. The results are presented in Table 

1. Inspection of Table I reveals that the 
catalase activity of virulent strains was sig- 
nificantly greater than that of avfruient 
strains. In the 14 virulent strains studied, 
the enzyme activity, as e.xpressed in ml of 
O.IO N H-jOs decomposed in 60 minutes, 
ranged from 12.9 to 19.9 ml with a mean 
value of 16.7 ml. On the other hand, for 11 
avirulent strains, values of 2.1 to 8.6 ml with 
a mean value of 5,1 were found. The dif- 
ference between the mean r-alues of virulent 
and avirulent organisms is statistically sig- 
nificant. 

Some of the factors involved in the catalase 
activity of P. pesfh were investigated and the 
influence of a number of conditions was 
studied. It was observed in early experiments 
t!\at growth on such different media as heart 
infusion broth (Difeo), nutrient agar (Difeo), 
or horse blood agar was without effect on cata- 
lase activity. The number of viable organ- 
isms was observed to undergo a 5-fold de- 
crease when the incubation period was extend- 
ed from 24 to 72 hours. Despite this decrease, 
no differences in catalase activity were e.xhifait- 
ed by standard suspensions prepared from 
cuUure.s after 24, 48, or 72 hours of incubation. 
The stability of the enzyme was also demon- 
strated by c.xperiments in which standard sus- 


pensions were stored at 5°C for as long as 
seven daj's without change in activity. A 
final substrate concentration of 0.40 N H 2 O 2 
was found to be most suitable for our purposes. 
Xo significant differences in catalase activity 
were observed over a temperature range of 24- 
32°C or with changes in shaking rate from 
stationary to 103 oscillations per minute. 

The kinetics of catalase activdty in P. peslis 
under the conditions outlined appear to be 
similar to other findings^'' . reported for cell- 
free preparations of this enzyme and ap- 
parently follow the cur\^e for a monomolecular 
reaction (Table I). 

The use of catalase activity as an in vitro 
screening test for virulence is suggested by 
the differences between virulent and avirulent 
strains. E.vperiments axe being, continued to 
determine whether this test will distinguish 
varying degrees of virulence during the in vitro 
attenuation of some of the virulent strains 
studied. 

Summary. 1, Optimal conditions for cata- 
lase activity in P. pestis were determined and 
•the catalase activity of 14 virulent and It 
avirulent strains was measured. 

2. The catalase actirdty of virulent strains 
was significantly greater than that of the 
avirulent strains. 

3. The possibility of using catalase activity 
as a screening test for determining varulence 
in vitro has been indicated. 

The .intlior wisies to acknowledge tlic teelmtcal 
.assistance of Virginia Kcppcl. He is also in- 
debted to Dr. K. P. Merer, Director, The George 
Williams Hooper Foundation for Medical Rc- 
seareli. Hnirersity of California Jtodical Center, 
G.an Franci.seo, for making available most of the 
strains used in these studies. 

* Morgulis, S., . 7 . Biol, riiem., 1921, 47. 341. 

W.aksinan, S. A., and Davison, W. C., Enzymes 
— ^Properties, Distribution, Methods aud Applica- 
tions, Williams and Wilkins Co., H12G. 

« Sumner, .1. B., and Somers, G. F., Chcinistry 
and Methods of Enzymes, Xew York Academic 
Press, 11^47. 

7 Von Futer, II., General Clicmistry of Enzymes, 
•Tohn Wiley and Sons, London, 1012. 
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TABLE I. 

Oxj’gen Consumption Changes witli Single Liter Intravenous Infusions of u‘/r Glucose in Xonnal Saline, 
of 6% Gelatin Solution, and of 5*)^ Ainigen-Dextrosc Solution. 


Oxygen consuinptiun eliangos 


Tyjic infusion 

PT. 


f 

Pre-inf. 

Tsifnsion period 

Post-infnsimi 

period 

5% Glucose in N S 

W B 

at lir 

0 


4 


f .5V> 24 



cc/Sq M/min 

lg7 

121 

lir 


319 320 



% eliange 

0 

— t.S 

—7.0 


—0.1 —0.4 


.1 S 

at lir 

0 

*> 

4 





cc/Sq M/min 

123 

12S 

124 


110 

. 


</, change 

0 

-)-4.(l 

-1-0.4 


— 5.7 

0% Gelatin 

W B 

at hr 

0 

o 

4 

5 

7 



cc/Sq M/min 

120 

320 

123 

127 

124 



9(- cliange 

0 

—5.2 

o 

-fU.4 

—1.7 

591 Amigen in 5% Dc.xtrose 

.1 G 

at hr 

0 

o 

4 

ti 




ee/Sq Sl/miii 

3.34 

135 

148 

13,3 




97' ciiange 

0 

-hU.4 -)-lU.O 

+0.4 




at lir 

0 

2 

fi 

S 

30 32‘ 


H K 

ec/Sq Jf/min 

140 

13G 

35(1 

139 

344 103 



% change 

0 

—2.4 -1-31.2 

—0.4 

+3.4 +12.1 


* hour after a meal of 350 calories. 


TABLE ir, 

O.xygen Consumption Changes with Single Liter Intravenous Infusions of oVo ami 1091: Fat Enmlsions 
(50 and 100 g of Coconut Oil Emulsifietl with 0% Gelatin Solution), 


Infusion 
fat emulsion 

PT 



Oxygen consumption changes 



f — 

Pre-inf. — Infusion period — I'ost -infusion period 


ITIT" 

at hr 

0 2 

4 

0 8 " 

10 

12* 

24 



ec/Sq M/min 

152 183 

180 

179 300 

340 

17S 

154 



9t change 

0 +21.1 

+23.4 

+ 18.4 +5.8 

—7.0 

+ 18.3 

+ 3.8 


.1 L 

at hr 

0 2 

0 

H 30 

12 

14 

24 



cc/Sq M/min 

113 137 

145 

354 34.5 

132 

322 

110 



% change 

0 +21..5 

+27.0 

+ 30,5 + 27 ,<i 

+ 10,0 

+ 7.7 

+2.8 

3(1% 

,T L 

at lir 

0 2 

4 

0 8 

30 

12 

24 



cc/Sq M/min 

129 147 

152 

373 147 

130 

129 

120 



% change 

0 +14.1 

+ 18.0 

+34.1 +5.8 

+0.4 

0 

—1.9 


.1 S 

at hr 

0 2 

4 

0 8 

. 10 

12 

24 



cc/.Sq M/min 

142 103 

154 

ICO 170 

139 

120 

1.32 



9'<- eliange 

0 +14.4 

+7.8 

+ 10.8 +19.2 

—2.3 

—11.7 

—7.0 


hour after a meal of 400 calorics. 


Results. The oxygen consumption changes 
obtained with the 6 tj^pes of intravenous prep- 
arations are summarized in Tables I, II and 
in. The percentage changes in oxygen con- 
sumption during the infusion and post-infusion 
periods were computed for purposes of com- 
parison with the initial or pre-infusion value 
taken as the zero level. 

Maximal changes in oxygen consumption 
generally occurred after more than eighty per 
cent of any preparation had been infused or 
upon completion of the infusion period. With 
5% glucose in normal saline and 6% gelatin 


infusions, the oxygen uptake values were 
mainly near the pre-infusion level while the 
recipients of S% amigen and dextrose solu- 
tion showed rises to about The re- 

cipients of 5^0 and 10% fat emulsions 
showed an increased o.xygen consumption to 
levels ranging from 19.2 to 36.5% aliove their 
initial values. Elevations in oxygen consump- 
tion levels were usually greatest in recipients 
of the 10% combined fat emulsion with in- 
creases from 42.4 to 49.7%. One subject, 
FS. who received 2 liters of the 10% com- 
bined fat emulsion, was found to have in- 
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17097. Oxygen Consumption Studies with Intravenous Infusions of the 
Combined Fat Emulsion.* 


B. G. P. Shafiboff, J. H. Muihoiland, E. Roth, and H. C. Baron. 

From the Laboratory of Fxperimentdl Surgery, Department of Surgery, Few Tori- Vnirersity 

College of Meeticine. 


In previous reports from this laboratory, 
the results of experimental and clinical in- 
vestigations of an intravenous fat emulsion 
combined with protein and glucose were pre- 
sented.^"® The method of preparation of the 
combined fat emulsion and its effect upon 
humans were summarized in detail.® The 
present study is concerned with oxygen con- 
sumption associated noth the intravenous in- 
fusion of the combined fat emulsion. Measured 
changes in o.xygen consumption obtained with 
a variety of other intravehous preparations 
were made for purposes of comparison and 
served as control standards. This aspect of 
energy metabolism was the first of several 
methods of investigation with a view of ob- 
taining evidence in favor of metabolic utiliza- 
tion of intravenously infused fat. 

Method of study. Serial oxygen consump- 
tion determinations were conducted in a group 
of seven surgical patients who received one or 
more of 6 137305 of intravenous preparations. 
The patients, all males ranging in age from 
18 to 58 years, were drawn from the surgical 
service. Because of good emotional stability, 
they were selected as the most suitable for 
o.xygen uptake studies 33'ith the basal metab- 
olism machine. Although these patients were 
on 'the surgical service because of a variety 
of diseases, at the time of testing there were 
no complicating factors of temperature eleva- 
tion, active infection, chronic decubitus ulcers 

* Aided by .a grant from tlie Ben Lewis Fund i:. 
E.xperimental Surgerj'. Clinical Investigation done 
at Goldivater Memorial Hospital (Xcw York Uni- 
versity, Third Surgical Division). Technical as- 
sist.ance, J. Baker. 

iShafiroff, B. G. P., and Prank, C., Science, 
1947, 100, 474. 

2 Shafiroff, B. G. P., Baron, H. C., and Roth, E., 
Peoc. Soc. Exp. Biol, and Med., 1948. 69, 387. 

3 Shafiroff, B. G. P., Mulholland, J. H., Roth, E., 
and Baron, H. C., Pkoc. Soc. Exp. Biol, and Med., 
1949, 70, 343. 


or acute organic metabolic disorders. Three 
different intravenous fat emulsions were stud- 
ied; Emulsion 1, was a 5^ fat emulsion which 
contained 50 g of coconut oil emulsified with 
6% gelatin and provided 450 calories per 
liter; Emulsion 2, was a 10 per cent fat emul- 
sion which contained 100 g of coconut oil 
emulsified with 6^ geladn to provide 900 
calories per liter and Emulsion 3, always re- 
ferred to in this paper as the combined fat 
emulsion, consisted of an homogenate of 10% 
coconut oil, 5% amigen, 5^ glucose and 
2% gelatin per liter with a caloric value of 
approximate!)' 1300 calories. The compara- 
tive controls were (a) 5% glucose in normal 
saline, 200 calories per liter, (b) 6% gelatin 
solution, caloric value undetermined^ and (c) 
5% amigen and de.xtrose solution, 350-400 
calories per liter. 

Each infusion study was started in the 
morning with the patient in the post-absorp- 
tive state after a fasting period of 14 hours. 
In every case except one, a single liter of 
test fluid was administered. The duration of 
the infusion period ranged from 4 to 6 hours 
with 3 instances of e.xtension up to 8 hours. 
Serial o.X3'gen consumption determinations 
were obtained with the Benedict-Roth appar- 
atus and on 2 occasions by the Tissot method. 
Each infusion study consisted of the deter- 
minations of the o.xygen consumption le\'el be- 
ginning with the pre-infusion period and 
measured in interval series during the infu- 
sion. and post-infusion periods. The tempera- 
ture, pulse, respirations and blood pressure 
were obtained throughout the study period at 
hourly intervals. Urine specimens were ob- 
tained at regular inten'als for the first 14 hours 
and also at the end of 24 hours. Urinalv’ses 
were made for acetone (Rothera’s test) and 
diacetic acid (Gerhardfs test). 

■tKoop, C. B., Eiegel, C., Gripper. A. B.. mid 
B. 3 rncs, M, T., Surg. Gyn. Obst., 1947, 84, lOfi.l. 
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TABLE I. 

Oxygen Consumption Clianges with Single Liter Intravenous Infusions of o'/r Glucose in Normal Saline, 
of 6% Gelatin Solution, and of 5% Amigcn-Dextrose Solution. 

Oxygen consumption clianges 


Type infusion 

PT. 


Pre-inf. 

Infusion jieriod 

Post -infusion 
period 

5% Glucose in N S 

AV B 

at lir 

0 

O 

4 


' 514 ; 



ce/Sq M/min 

127 

121 

117 


119 1: 



f/c change 

0 

— l.S 

—7.9 


— G.l — 0 


.1 S 

at hr 

0 

-> 

4 


5 



ee/Sq M/min 

123 

12S 

124 


IIG 



% change 

0 

4-4.0 

4-0.4 


— 5.7 

G% Gelatin 

W B 

at hr 

0 

o 

4 

5 

7 



ce/Sq il/min 

12G 

120 

123 

127 

124 



'/I change 

0 

—-5.2 

.1 o 

4-0.4 

—1.7 

■oTi .Amigen in 5% Dextrose 

J G 

at Ur 

0 

*1 

4 

G 




cc/Sq M/inin 

134 

135 

14S 

133 




% change 

0 

4-0.4 4-10.0 

4-0.4 




at hr 

0 

o 

6 

S 

10 12' 


H K 

cc/Sq Il/miiv 

140 

136 

156 

139 

144 1G3 



% change 

0 

—2.4 4-11.2 

—0.4 

4-3.4 4-12.1 


* yj hour after a meal of 330 calories. 


TABLE II. 

Oxygen Consumption Clianges witli Single Liter Intravenous Infusions of 5% and 109r Fat Emulsions 
(30 and 100 g of Coconut Oil Emulsified with 6% Gelatin Solution). 


Infusion 

fat emulsion PT 


Oxygen consumption clianges 

' — , 

Pre-inf. — Infusion period — Post -infusion period 



H K 

at hr 

0 

n 

4 

G 

8 

10 

12' 

24 



cc/Sq M/min 

1.52 

183 

ISO 

179 

ICO 

140 

178 

154 



% change 

0 

4-21.1 

4-23.4 

4-18.4 

4-5.8 

—7.0 

4-18.3 

4-1.8 


J L 

at hr 

0 

0 

G 

8 

10 

12 

14 

24 



cc/Sq M/min 

113 

137 

145 

154 

145 

132 

122 

116 



% change 

0 

4-21.5 

4-27.0 

4-3G.5 

4-27.6 

4-16.0 

-f 7.7 

4-2.8 

10% 

J L 

at hr 

0 

0 

4 

G 

8 

10 

12 

24 



cc/Sq M/min 

129 

147 

152 

173 

147 

130 

129 

12G 



% change 

0 

4-14.1 

4-lS.O 

4-34.1 


4-0.4 

0 

—1,9 


J S 

at hr 

0 

0 

4 

6 

8 

. 10 

12 

24 



cc/Sq M/min 

142 

1G3 

154 

IGG 

170 

139 

12G 

132 



% change 

0 

4-14.4 

4-7.8 

4-1G.8 

4-19.2 

—2.3 

—11.7 

—7.0 


* Vj hour after a meal of 400 calories. 


Results. The oxygen consumption changes 
obtained with the 6 types of intravenous prep- 
arations are summarized in Tables I, II and 
ni. The percentage changes in oxygen con- 
sumption during the infusion and post-infusion 
periods were computed for purposes of com- 
parison with the initial or pre-infusion value 
taken as the zero level. 

Maximal changes in oxygen consumption 
generally occurred after more than eighty per 
cent of any preparation had been infused or 
upon completion of the infusion period. With 
5% glucose in normal saline and 6^0 gelatin 


infusions, the oxygen uptake values were 
mainly near the pre-infusion level while the 
recipients of 5% amigen and dextrose solu- 
tion showed rises to about 11.0%. The re- 
cipients of 5% and, 10% fat emulsions 
showed an increased oxwgen consumption to 
levels ranging from 19.2 to 36.S% above their 
initial values. Elevations in oxygen consump- 
tion levels were usually greatest in recipients 
of the 10% combined fat emulsion with in- 
creases from 42.4 to 49.77c. One subject, 
FS, who received 2 liters of the 10% com- 
bined fat emulsion, was found to have in- 
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creased his oxygen uptake to a maximum of 
63.9% above his initial level. Another sub- 
ject, HK was given oral feedings of approxi- 
mately 350-400 calories at the I2th hour of 
each of 2 infusion studies as a result of which 
further elevations in o.xygen uptake were again 
demonstrable. 

Urinalysis for acetone and diacetic acid 
were positive in the intermediate serial sam- 
ples in 3 patients who received the 5% or 10% 
emulsion. , Tests for acetone were usually 2 
and 3 plus in the 4 and 6 hour urine speci- 
mens followed by 1 plus to faint traces at 8 
hours with negative results for the 10 hour 
and subsequent specimens. Tests for diacetic 
acid indicated faint traces only, at the height 
of acetone spillage. Urine specimens were 
usually negative for ketone bodies in the 24 
hour study period in the recipients of the 10% 
combined fat emulsion. In the latter group, 
the 4 hour urine specimen was found occas- 
sionally to contain a trace of acetone. 

Temperature elevations ranging from 99.6 
to 100.4° were noted between the tenth and 
sixteenth hours in the post-infusion period 
with the combined fat emulsion in the case 
of JL and SP. With the latter elevations in 
body temperature correlative secondary rises 
in oxx'gen consumption and moderate increases 
in pulse rate were found to occur. .Analysis 
of temperature, pulse rate, respiration and 
blood pressure taken in each study at hourly 
intervals revealed minor fluctuations during 
the course of any type of infusion without sig- 
nificant findings associative with the oxygen 
consumption studies. 

Comments. Evidence in favor of the meta- 
bolic utilization of intravenously infused fat 
has been reported by many investigators. The 
respiratory metalwlism of human infants in 
relation to infusions of an homogenized fat 
emulsion was found to be reflected in increased 
heat production and alteration in the respira- 
tory quotient. The energj' exchange was de- 
rived from the combustion of the intravenous- 
ly injected fat.-' Other evidence in favor of 
utilization of intravenously infused fat has 
been obtained with parenterally administered 

•‘Gordon, H. II., and Levino. fs. Z., Ainrr, J. 


Cn labelled tripalmitin emulsion as a result 
of which more than 50% of the radioactive 
isotope was recovered in expired carbon di- 

0. xide in a 24 hour stud}’ period. Proof was 
also gi%’en of incorporation of the labelled 
fatty acids into phospholipids." In another 
e.xperimental stud}’ data was presented to 
show that growing puppies obtained up to 30 
percent of their total energy requirement from 
daily infusions of a fat emulsion which in 
combination mth a fat free diet provided for 
positive nitrogen balance and weight and 
grow’th gain.'* 

Indications of the metabolic utilization of 
a 10% combined fat emulsion administered 
intravenously were obtained by means of 
studies of ox}’gen consumption. For proper 
evaluation of the role of fat contained in the 
emulsion, 5 and 10% concentrations of the 
emulsified oil were studied. These studies 
showed that the increased o.xygen consump- 
tion was not onl}’ correlative with fat as the 
prime contributing energx’ factor but that ad- 
ditive concentrations of fat raised signifi- 
cantly the amount of o.x}’gen uptake. The 
non-fat components of the combined fat emul- 
sion, gelatin, amigen and dextrose, were found 
to show small increments of change from the 
initial pre-infusion value. By combination of 
all the basic constituents with fat into a com- 
bined emulsion, the greatest increases in o.xy- 
gen consumption resulted. Transient keton- 
uria noted in some of our studies were indica- 
tive both of early metabolic utilization and in- 
complete fat metabolism, the ketogenesis de- 
veloping during the period of fat plethora. 

The Benedict-Roth recording spirometer 
and the Tissot t}pe' apparatus W’ere accepted 
by us as e.x’perimentally adequate for the pres- 
ent investigation. .Alterations in tidal air as 
a possible explanation for increased o.xygen 
consumption has also been eliminated in this 
study.® 

«Lerncr, S. Cliaikoff. I. h., Knti-niuan, C., 
and Dauben, W. G., .Science, lOI't, 109. IZ. 

' Mann. G. V., Gcycr, R. T>., W’atkin. 1). M., 
Sniytlie, It. L., D.sai-CIiwen Dju, ZanicIiL-k. X.. and 
•Stare, F. .1., J. Lnh. and Clin. Med., 1P4S, ;}3^ 

1. -i03. 

'’Pctcr.s. G. A., Horton, B. T., and Bootliln-, 
W. M.. .T. Clin. I meat., 1P4,’:, 34, Cll. 
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Circulatory Effects of Dibenajiine 


Summary. (I) Sixteen serial oxygen con- 
sumption studies were conducted in a group 
of 7 adult humans who received one or more 
of 6 types of intravenous preparations. 

(2) ^Maximal increases in oxygen consump- 
tion above the initial pre-infusion levels at- 
tained their greatest values in recipients of the 
10%. combined fat emulsion when compared 
with a variety of intravenous preparations of 
a lesser caloric or energy value. 


(3) With fat as the prime contributing fac- 
tor to the increased energy value of the 10% 
combined fat emulsion, it is justifiable to con- 
clude that the intrav’enously infused fat is 
utilized for energy production when in part 
it undergoes oxidative combustions which are 
ultimately measured in terms of o.xygen con- 
sumed. 


Reeoivea April 12, 1949. P.S.E.B.Jt., 1949, 71. 


17098. Effect of Dibenamine on Blood Flow and Cardiac Output in the Dog. 

Edwin L. Smith and Russell A. Huggins. 

From Ihe Department of Physiology, University of Texas Dental Branch, anil the Department 
of Pharmacology, Baylor University College of Medicine, Houston, Texas. 


Since N, N-dibenzyl-/S-chloroethylamine 
(Dibenamine) was first introduced as an 
adrenergic blocking agent, many reports have 
been made on various aspects of its pharmaco- 
logical properties.^ Evidence has been pre- 
sented indicating that Dibenamine produces 
vasodilation as evidenced by an increase in 
skin temperature," and in dogs subjected to 
hemorrhage or trauma those pretreated with 
Dibenamine showed a slightly higher total 
blood flow than the controls.^ It also has 
been reported that Dibenamine has no sig- 
nificant effect on cardiac output,^ or increases 
cardiac output,^ although no data are given on 
this point. In this report data are presented 
on the effects of Dibenamine on blood flow 
and cardiac output. 

Methods. With but one e.xception the dogs 
were anesthetized with barbital sodium 
300 mg/kg, chloralose, 250 mg/kg, was used 

1 Nickerson, M., and Goodman, L. S., J. Pharm. 
Fxp. Therap., 1947, 89, 1G7; Fed. Proc., 1948, 
7, 397. 

2Hcclit, It. IT., and Anderson, E. B., Am. J. 
Med., 1947, 3, 3; nccseliliouwer, G. R., Pkoc. Soc. 
Exp. Biol, and Med., 1947, CO, 151. 

3 Keinington, J. W., Wheeler, N. C., Boyd, G. H., 
and Caddell, H. JI., Proc. Soc. Exp. Biol, and 
Med., 1918, 99, 150. 

■iWiggers, H. C., Ingraham, K. G., Eocmhild, 
F., and Goldberg, H., Am. J. Physiol, 1918, 153, 
511. 


in one dog. Blood pressure was obtained from 
a carotid arterji with a Hamilton manom- 
eter and cardiac output determined from 
the pressure pulse by the method of Hamilton 
and Remington." Blood flow was recorrled 
from either a carotid or a femoral artery by 
means of a rotometer.® The anticoagulant 
used was chlorazol fast pink, 2 cc of an 8% 
solution per kg. The dose of Dibenamine, 20 
mg/kg, when given intravenously (i.v.), was 
administered slowly over a 5-minute period. 
In a majority of the dogs the degree of adreno- 
Ijitic action was tested with epinephrine 30 
minutes after the Dibenamine injection. In 
all cases only a depressor response was 
elicited. 

Results. Table I summarizes the data 
on those dogs in which cardiac output, blood 
pressure and blood flow were determined; 
pressure and flow were measured in 16 addi- 
tional dogs. In all of the 24 dogs but 7 the 
blood pressure dropped significanth', 3 of 
these showed a rise in pressure and in the 
other 4 the changes were less than 10 mm Hg. 
The drop in pressure occurred about 20 
minutes after Dibenamine ‘was given. Little 
effect was noted on heart rate with a slight 

sH.imilton, W. S’., .and Bemington, .1. W., Am. 
J. Physiol, 1947, 148, 14. 

6 Gregg, P. E., Shipley, B. E., Eckstein, B. W., 
Eotta, A., and Wcarn, .1. T., Pp.oc. .Soc. Exp. Biol. 
AND Med., 1942, 49, 207. 
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TABLE I. 


Effects of Dil)cnamino on Blood Pressure, Cardiac Output and Pcriplicrnl Blood Flow. 


Dog 

Blood pressure 

Cardiac output, 
liters/AI2 

Control 

Blood flow, 
ec/min. 

Control 

\ 

After Dibenamine 

Control 

After Dibenamine 

^ \ 
After Dibenamine 

30 min. 

> 

GO min. 

30 min. 

GO min. 

30 min. 

60 min. 

DP 13 

207/175 

loo/lOo 

135/GO 

2.5 

3.0 

4.8 

82 

45 

41 

3 

150/128 

93/75 

91/25 

1.5 

1.45 

1.7 

4 

8 

4 

14 

190/135 

198/112 

202/140 

3.4 

4.0 

3.8 

GO 

IIG 

135 

15 

295/242 

102/57 

Died 

6.0 

4.7 

Died 

148 

IG 

Died 

IG 

190/157 

95/77 

95/70 

1.4 

1.3 

1.3 

82 

32 

12 

17 

185/102 

130/115 

122/107 

1.2 

1.0 

1.0 

39 

3G 

41 

18 

205/180 

155/130 

152/110 

1.9 

0.9 

O 

00 

28 

30 

19 

220/187 

150/87 

145/77 

l.S 

3.9 

3.4 

48 

39 

3G 


increase being the most frequent response. 
The blood flow during the experimental 
period, dropped in 16, remained the same in 
6 and increased in 2 dogs one of which had a 
blood pressure rise of 12 mm Hg and the 
other a fall of 10 mm Hg. The flow in the 
other 2 dogs, whose pressure was increased, 
remained constant in one and dropped 3Q% 
in the other. The cardiac output dropped 
in one case only (DF IS), there was an in- 
crease in 2 (DF 13, DF 18), and the others 
did not change significantly. 

Dibenamine was administered intra-arteri- 
ally in 2 to 4 mg/kg amounts in 3 dogs. There 
was no evidence of any peripheral action. 

In 2 dogs epinephrine, 0.01 mgAg was 
given at the end of the 30 minutes period, 
the cardiac output approximately doubled 
returning to the control level in from 2 to 3 
minutes, the heart rate increased between 10 


and 15% and the systolic and diastolic pres- 
sure fell. 

No detectable difference in response was 
noted in the dog receiving chloralose. 

Discussion. Dibenamine in adrenolytic 
doses produces a significant drop in blood flow 
to the head or leg, but has little effect on 
cardiac output of the dog. The drop in 
blood pressure and the change in the pressure 
pulse are probably the result of a vasodila- 
tion in the splanchnic area which does not 
include the kidney." 

Summary. Following Dibenamine, cardiac 
output remained essentially unaltered in 5 of 
8 dogs, peripheral blood flow decreased sig- 
nificantly in 16 of 24 dogs. 

"Wang, C., and Nickerson, JI., Proc. Soc. Exp. 
Biol, and Med., 1949, 70, 92. 

Bcceivcd April 10, 1949. P.S.E.B.M., 1949, 71. 


17099. Effect of an Antagonist of Pteroylglutamic Acid on the Leukemia of 
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In a previous paper’ hematologic and histo- 

* This investigation was supported in part by 
■V grant from the Division of Besearch Grants and 
Pcilowship of the National In.stitntes of Health, 
b. P. Public Health Service, and. in part, by a 
grant from the National Vitamin Foundation. 

’Weir, D. B., Heinle, B. W., and Welch, A. D., 
Pitoo. Soc. Exp. Biol. .\xd Med., 1948, 00, 211. 


logic findings in mice with an induced de- 
ficiency of pteroi'lglutamic acid (PG.A) were 
described, together with a method for produc- 
ing the deficiency with the aid of a crude 
chemical antagonist of PG.A (so-called “x- 
methyl PG.A,” presumably a mixture of 7- 
methyl- and 9-methyl PG,A).t 

Following this study we became interested 
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in the influence of this deficiency on the trans- 
planted leukemia of Ak mice. About 75% 
of this strain develop spontaneous leukemia 
after the age of 6 months. The intravenous 
injection of leukemic cells from diseased older 
animals- produces progressive leukemia in 
100% of younger animals.- It was originally 
planned to make the transplant after the de- 
ficiency, as evidenced by leucopenia, had been 
established. This approach was found to be 
unsuitable, probably because the Ak strain is 
not hardy enough to survive the dietary re- 
gime for the preliminarj’- 6 to 8 weeks required 
for the development of the deficiency, to- 
gether with the additional time necessarj’’ for 
the growth of the transplanted material. Ac- 
cordingly, it was decided to transplant the 
leukemic cells about 15 days after the start 
of the experiment. 

In a preliminary experiment there had been 
some indication that the parenteral adminis- 
tration of the crude synthetic antagonist of 
PG.A (Lederle N-67A)+ might be more effec- 
tive than its oral administration. Accordingly, 
for comparative study a microbiologically as- 
sayed solution of partially purified “x-methjd 
PGA” was used.' The preliminary work also 
indicated the desirability of pair-feeding the 
animals in an attempt to rule out the possible 
effects of inanition as a result of diminished 
intake of PG.A. 

Methods. Weanling .Ak mice weighing with- 

1 Tlie crude .'rnt.-igoiiist ivas prep.tred by Dr. M. 
E. Hultquist. .md Dr. .T. JI. Smitli, Jr., C.ilco 
Cliemieal Company, by reacting 2,4,5-trianiino-6- 
bydroxy -pyrimidine and p-amino-bcnzoyI-l(-}-)- 
glutaraic acid with 2,3-dibromobutyraIdeiiyde in 
tlie reaction described by Angicr ct a!.. Science, 
1946, 103, 6G7. We are niucli indebted to Dr. T. 
H. Jukes of the Lederle Laboratories Division, 
American Ch’anamid Company, wlio supplied us 
•nitb this antagonist of PGA. 

2 Weir, D. E., and Heinle, E. W., Pnoc. Soc. 
Exp. Biol, axd Med., 1947, CO, 208. 

t Assayed on Streptococcus faccalis S, eacb ml 
of tlie solution used contained tlie equivalent of 
68 mg of a crystalline reference standard supplied 
by Dr. E. L. E. Stokstad of tire Lederle Labora- 
tories. However, it developed subsequently that 
this microbiological!}' active fraction is not re- 
sponsible for tbc effect of the crude antagonist on 
animal species. 
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In S g of each other were arranged in 4 groups 
of 10 animals each and one group of 5 animals 
(Table I). The composition of the purified 
diet has been given previously.' In this e.x- 
periment the diet included Ifo succinylsulfa- 
thiazole from the beginning. All groups were 
maintained on this diet e.xcept the controls. 
For Groups 2, 3, and 4, 0.5% powdered an- 
tagonist was added to the diet. On the 13tli 
day parenteral therapy was started. One cc 
of the antagonist solution was given daily in- 
traperitoneally to Groups 1, 2, and 3; 20 /tg 
of PG.A in 0.2 ml of Locke’s solution was given 
daily subcutaneously to Group 2; and 1 cc 
of Ix)cke’s solution was given daily intraperi- 
toneally to Group 4. On the 16th day all 
animals were transplanted. The possibility 
that the potency of the cell suspension might 
deteriorate during the time of inoculation of a 
large group of animals was taken into account. 
Animals from the various groups were taken in 
rotation so that no one entire group was inocu- 
lated either at the beginning or end of the 
transplanting period. 

The animals of groups 2 and 4 were fed the 
same amount of diet as that consumed on the 
previous day by the animals of Group 3 (thus, 
animals No. 11 and No. 31 were fed the 
amount of food consumed by animal No. 21 
on the previous day). Twice weekh' all ani- 
mals were weighed and total and differential 
leucocyte counts were done. At death, sec- 
tions of liver, spleen, and bone marrow were 
prepared for histologic studies. 

Results. As in the preliminary experiments 
it was found that the Ak animals do not sur- 
vive well under these forms of treatment; 
many mice died before the leukemia could 
have developed. Others died during the period 
when the controls showed florid leukemia, but 
did not themselves show any evidence of tlie 
disease, either by blood counts or bj'^ gross or 
microscopic pathologic e.xamination. There- 
fore, it was considered justifiable to eliminate 
from consideration those animals which died 
early or which did not show any evidence of 
leukemia at any time. In Group 1 , 7 animals 
remained and in each of Groups 2, 3, and 4, 
4 animals remained. .All 5 of the controls were 
dead of leukemia within 23 days after trans- 
planting. .Although a reliable demonstration 


of the effect of the regime on time of survival 
was prevented by the early mortalltj^ of many 
of the e.xperimental animals, other findings are 
of considerable interest. The results of the 
e.xperiment are shown in Table I. 

The control animals developed the typical 
picture of the transplanted disease; all had 
vert”^ high leucocyte counts with blast cells in 
the peripheral blood, and histologic sections 
showed extensive leukemic infiltration in the 
liver, spleen, and marrow. Although all con- 
trols were dead within 23 days, the mean 
survival time of the experimental groups was 
about 46 days. Control animals with trans- 
planted Ak leukemia almost invariably die 
within a few days of each other, a circumstance 
which obtained in this e.xperiment. In our 
e.xperience the interval between inoculation 
and death may vary in different e.xperiments, 
due probably to variation in the donors, but 
in any one experiment tlie time of survival of 
various individuals differs only by a few days. 
Accordingly, the apparent increase in the 
mean survival time in the e.xperimental groups 
was considered to be encouraging in import. 

The animals in Group 4 which received the 
diet and oral antagonist showed the maximal 
alteration of the leukemic process. The white 
blood cell counts never rose above the maxi- 
mal normal of 24,000 per emm and only small 
numbers of blast cells appeared in the periph- 
eral blood. Histologically the livers and 
spleens of these mice showed no leukemic in- 
filtration and the marrows showed only 
moderate infiltration. Essentially the same 
picture was seen in Group 3, indicating that 
the action of the oral antagonist was not sig- 
nificantly altered by the parenteral prepara- 
tion. This conclusion was supported by the 
finding that the animals in Group 1, which 
received the parenteral antagonist without oral 
antagonist, showed a moderate increase in 
white blood counts, moderate numbers of 
blasts, and histologic findings which differed 
very little from the controls. The animals in 
Group 2 received the diet with both oral and 
parenteral antagonist, supplemented with 
parenterally administered PG.A. It had been 
calculated that a daily dose of 20 //g of PG.A 
would combat all effects of the antagonist. Un- 
fortunately this was not true. However, the 
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in the influence of this deficiency on the trans- 
planted leukemia of Ak mice. About 75% 
of this strain dei'elop spontaneous leukemia 
after the age of 6 months. The intravenous 
injection of leukemic cells from diseased older 
animals- produces progressive leukemia in 
100% of younger animals.- It was originally 
planned to make the transplant after the de- 
ficiency, as evidenced by leucopenia, had been 
established. This approach was found to be 
unsuitable, probably because the .Ak strain is 
not hardy enough to survive the dietary re- 
gime for the preliminary 6 to 8 weeks required 
for the development of the deficiency, to- 
gether with the additional time necessary for 
the growth of the transplanted material. .Ac- 
cordingly, it was decided to transplant the 
leukemic cells about 15 days after the start 
of the experiment. 

In a preliminarj' e.xperiment there had been 
some indication that the parenteral adminis- 
tration of the crude synthetic antagonist of 
PG.A (Lederle N-67A)1 might be more effec- 
tive than its oral administration. Accordingly, 
for comparative study a microbiologically as- 
sayed solution of partially purified “.x-methyl 
PGA” was used.! The preliminary work also 
indicated the desirability of pair-feeding 'the 
animals in an attempt to rule out the possible 
effects of inanition as a result of diminished 
intake of PG.A. 

Methods. Weanling .Ak mice weighing with- 

t The crude antagonist was prepared by Dr. JI. 
E. Hiiltquist, and Dr. .T. M. Smitli, Jr., Calco 
Clicmical Company, by reacting 2,4,5-triainino-O- 
hydro-xy-pyrimidine and p-aniino-bcnzoyl-1 ( + )- 
glutamic acid witli 2,3-dibromobutyraldeIjyde in 
tlie reaction described by Angier et ah, Science, 
194G, 103, 667. We are mueli indebted to Dr. T. 
H. Jukes of tlie Lederle Laboratories Division, 
American Cyanamid Company, who supplied us 
■with, this antagonist of PGA. 

2 Weir, D. B., and Heinle, E. W., Pnoc. Soc. 
Exp. Biol, and Med., 1947, CC, 26S. 

t Assayed on Streptococcus fneentis M, each ml 
of the solution used contained the equivalent of 
68 mg of a crystalline reference standard supplied 
by Dr, E. L. K. Stokstad of the Lederle Labora- 
tories. However, it developed subsequently that 
this microbiologically active fraction is not re- 
sponsible for the effect of the crude antagonist on 
animal species. 
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In 5 g of each other were arranged in 4 groups 
of 10 animals each and one group of 5 animals 
(Table I). The composition of the purified 
diet has been gi\'en prenously.' In this ex- 
periment the diet included 1% succinylsulfa- 
thiazole from the beginning. All groups were 
maintained on this diet except the controls. 
For Groups 2, 3. and 4. 0.5% powdered an- 
tagonist was added to the diet. On the 13th 
day parenteral therap\' was started. One cc 
of the antagonist solution was given daily in- 
traperitoneally to Groups 1, 2, and 3; 20 fig 
of PG.^ in 0.2 ml of Locke’s solution was given 
daily subcutaneously to Group 2; and 1 cc 
of Locke’s solution was given daily intraperi- 
toneally to Group 4. On the 16th day all 
animals were transplanted. The possibility 
that the potenc3’^ of the cell suspension might 
deteriorate during the time of inoculation of a 
large group of animals was taken into account. 
Animals from the various groups were taken in 
rotation so that no one entire group was inocu- 
lated either at the beginning or end of the 
transplanting period. 

The animals of groups 2 and 4 were fed the 
same amount of diet as that consumed on the 
previous day by the animals of Group 3 (thus, 
animals No. 11 and No. 31 were fed the 
amount of food consumed b}' animal No. 21 
on the previous day). Twice weekly all ani- 
mals were weighed and total and differential 
leucocyte counts were done. At death, sec- 
tions of liver, spleen, and bone marrow were 
prepared for histologic studies. 

Results. As in the preliminary experiments 
it was found that the Ak animals do not sur- 
vive well under these forms of treatment; 
many mice died before the leukemia could 
have developed. Others died during the period 
when the controls showed florid leukemia, but 
did not themselves show anj’ evidence of the 
disease, either by blood counts or by gross or 
microscopic pathologic e.xamination. There- 
fore, it was considered justifiable to eliminate 
from consideration those animals which died 
earl}- or which did not show any evidence of 
leukemia at any time. In Group 1, 7 animals 
remained and in each of Groups 2, 3, and 4, 
4 animals remained. All 5 of the controls were 
dead of leukemia within 23 days after trans- 
planting. .Although a reliable demonstration 


of the effect of the regime on time of sur\-ival 
was prevented by the early mortality of many 
of the e.xperimental animals, otlier findings are 
of considerable interest. The results of the 
e.xperiment are shown in Table I. 

The control animals developed the typical 
picture of the transplanted disease; all had 
very high leucocyte counts with blast cells in 
the peripheral blood, and histologic sections 
showed e.vtensive leukemic infiltration in tlie 
liver, spleen, and marrow. Although all con- 
trols were dead within 23 days, the mean 
survival time of the e.xperimental groups was 
about 46 days. Control animals with trans- 
planted .Ak leukemia almost invariably die 
within a few da}'s of each other, a circumstance 
which obtained in this experiment. In our 
e.xperience the interval between inoculation 
and death may vary in different e.vperiments, 
due probably to variation in the donors, but 
in any one e.xperiment tlie time of surx’ival of 
various individuals differs only by a few days. 
.According!}-, the apparent increase in tlie 
mean survival time in the e.xperimental groups 
was considered to be encouraging in import. 

The animals in Group 4 which received the 
diet and oral antagonist showed the maximal 
alteration of the leukemic process. The white 
blood cell counts never rose above the maxi- 
mal normal of 24,000 per emm and only small 
numbers of blast cells appeared in the periph- 
eral blood. Histologically the livers and 
spleens of these mice showed no leukemic in- 
filtration and the marrows showed only 
moderate infiltration. Essentially the same 
picture was seen in Group 3, indicating that 
the action of the oral antagonist was not sig- 
nificantly altered by the parenteral prepara- 
tion. This conclusion was supported by the 
finding that the animals in (Iroup 1, which 
received the parenteral antagonist without ora] 
antagonist, showed a moderate increase in 
white blood counts, moderate numbers of 
blasts, and histologic findings which differed 
ver}- little from the controls. The animals in 
Group 2 received the diet with both oral and 
parenteral antagonist, supplemented with 
parenteral!}- administered PG.A. It had been 
calculated that a daily dose of 20 /,g of PG.A 
would combat all effects of the antagonist. Un- 
fortunate!}' this was not true. However, the 
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in the influence of this deficiency on the trans- 
planted leukemia of Ak mice. About 75^ 
of this strain develop spontaneous leukemia 
after the age of 6 months. The intravenous 
injection of leukemic cells from diseased older 
animals- produces progressive leukemia in 
100% of younger animals.- It was originallj' 
planned to make the transplant after the de- 
ficiency, as evidenced by leucopenia, had been 
established. This approach was found to be 
unsuitable, probably because the Ak strain is 
not hardy enough to survive the dietary re- 
gime for the preliminar}'^ 6 to 8 weeks required 
for the development of the deficiency, to- 
gether with the additional time necessary for 
the growth of the transplanted material. Ac- 
cordingly, it was decided to transplant the 
leukemic cells about IS days after the start 
of the experiment. 

In a preliminary experiment there had been 
some indication that the parenteral adminis- 
tration of the crude synthetic antagonist of 
PG.A (Lederle N-67A)* might be more effec- 
tive than its oral administration. Accordingly, 
for comparative study a microbiologically as- 
sayed solution of partially purified “x-methyl 
PG.A” was used.* The preliminary work also 
indicated the desirability of pair-feeding the 
animals in an attempt to rule out the possible 
effects of inanition as a result of diminished 
intake of PGA. 

Methods. tVeanling Ak mice weighing with- 

1 The crude antagonist -was prepared by Dr. JI. 
E. Hultquist and Dr. .T. M. .Smith, Jr,, Calco 
Clicmical Company, by reacting 2,4,5-tvianiino-G- 
hydroxy-pyrimidine and p-amino-benzoyM(-t-)- 
giutainic acid -witli 2,3-dibromobutyraldeliydc in 
the reaction described by Angier et ah, Science, 
1946, 103, 667. We are much indebted to Dr. T. 
H. Jukes of the Lederle Laboratories Division, 
American Cyanamid Company, who supplied us 
with this antagonist of PGA. 

2 Weir, D. E., and Heinle, E. W., Pboc. Soc. 
Exp. Biol, and Med., 1947, 00, 268. 

t Assayed on Streptococcus faecnlis E, each ml 
of the solution used contained the equivalent of 
68 mg of a crystalline reference standard supplied 
by Dr. E. L. E. Stokstad of the Lederle Labora- 
tories. However, it developed subsequently that 
this microbiologically active fraction is not re- 
sponsible for the effect of the crude antagonist on 
animal species. 
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technic did not rule out inanition as the de- 
termining factor. 

If a profound, generalized deficiency of 
PG.\ were the determining factor one might 
expect some evidence for this in the leucocyte 
picture of the peripheral blood of the e.xpcri- 
mental animals at the time the controls had 
florid leukemia. However, no such evidence 
was found. In this e.xperimcnl the leucocyte 
counts Avere not low at that time and in a pre- 
liminary experiment, run under similar con- 
ditions, dierc Avere no changes in either the 
Avhite or red blood cell counts. Also, it has 
been shown in previous experiments' that 
hematologic and histologic evidence of PGA- 
deficiency do not dcA'elop until the animals 
haA’c been on a purified diet containing succin- 
ylsulfathiazole and antagonist for SO to 60 
days. The rate at Avhich PGA-dcficiency 
might dcA'clop without the purified diet, as in 
Part II, has not yet been determined. Of 
course these findings do not mean that a se- 
lective or relative deficiency may not exist. It 
seems likely that leukemic cells may reciuirc a 
much more abundant supply of PGA than do 
normal cells." A moderate decrease in avail- 
able PG.*\, not enough to produce leucopenia 
in a normal animal, might be sufficient to de- 
crease the rate of development of leukemic 
cells. On the other hand, e.xcept for the? blasts, 
the leucocytes in the peripheral blood have 
the appearance of normal cells and merely 
exist in greater numbers. Perhaps the rela- 
tive deficiency acLs by limiting the excc.ssivc 
production of these essentially normal cells, 
rather than by interfering with the metabol- 
ism of abnormal cells. This reasoning may 
npply to the cells in the peripheral blood, but 
does not necessarily e.xplain the marked re- 
duction or complete absence of leukemic in- 
filtration in the liver, spleen, and marroAv of 
the exTAcrimental animals in Part I. The in- 
filtrating cells are dcfmtely abnormal as are 
the blasts of the peripheral blood. 

If PG,\-deficiency AA’ere not the .sole c.x- 
planation for these findings, it is conceivable 
that an active substance other than the antag- 
onists of PGA may be present in the crude 

" ItcUiell, F. ir.7^,7rSOTnU^r.iii7M7K!,”.r. Clin. 
Invt’nt., I'MO, .,17 


antagonist. However, all growth experiments 
have indicated that the effect.s of this mtiterial 
are reversed completely by .synthetic PG.A.'’’ 
Further experiments designed to determine 
whether PG.'V-deficiency can account com- 
pletely for the obsei’A’ed inhibition of the 
leukemic process are now in plogress. 'I'liese 
experiments have .shown that the leukemic 
process in mice can be controlled partially by 
melliods and substances now available. Life 
is prolonged and the severity of the disease is 
rcducerl. It is apparent that Avith the technics 
.so far devised the effects are not of perma- 
nent value and the effect on the normal meta- 
bolic activity of the animal can be severe. If 
a profound deficiency of PGA is lAroduced, 
the leukemia may be controlled, but the treat- 
ment eventually is as fatal as the tiisease. It 
is logical to expect that this might be true, 
for it may be assumed that PGA is an essen- 
tial metabolite utilized in the manufacture of 
many types of cells and the reriuirement for 
the formation of abnormal leucocytes, lliniigh 
larger, probably is not inordinately greater 
than that for normal cell formation, 'riial the 
animals of Part I, given a purified diet, de- 
veloped a deficiency of PGA in the terminal 
.state, is certain. However, additional studios 
Avill be required to prove that here akso a de- 
ficiency of PGA AA’as the only factor operating 
in the early stage of the experiment when leu- 
kemia Avas .suppressed in the experimental 
groups while the controls had developed florid 
leukemia. It is our hope that a regimen may 
be Avorked out Avhich Avill provide for selective 
inhibition of the leukemic process without loo 
.seriously impairing the proce.sses essential to 
the life of normal cells. 

Summary. The transplanted leukemia of 
Ak mice can be partially controlled either by 
a ptcroylglutamic acid-free diet, combined 
Avith succinylsulfathiazolc and a crude antag- 
onist of ptcroylglutamic acid, or by the addi- 
tion of large amounts of the crude antagonist 
to an unpurified “normal mou.se rliet,” Life 
is prolonged and the .severity of the di.sease is 
reduced. 

A FriiiilUin, A. I-,, SUilihtii.], Jt, I„ ]t,, ISr-li, M,, 
mill .luItfB, T. It., ,/. Itinl. CUcm,, lU-IT, KH), ■tL7, 

Iti'ci-ivid April 10, IPUl. I'.H.K.ll.il,, ItM'l, 71 , 
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TABLE TI. 

Ecsults with Xornial Mouse Diet and Antagonist Added in Excess. 


Leucocytes 


Xo. of 
animals 

Diet suiiplcment 

Survival after 
transplanting 

M-x. 
daily 
mean, 
per ernm 
Xiooo 

Max. 
single 
count, 
per cinni 
XIOOO 

‘‘Blasts’ 
max. 
daily 
mean, 
I)or cinm 

ileaii 

(lays 

Max. 

days 

Min. 

days 

8 

No iiiitagoiiist 

16.1 

21 

14 

82 

127 

1,800 

8 

2 % PGA-antagonist 

39.0 

72 

31 

45 

88 

4,200 

8 

4% ” 

57.0 

74 

41 

O.T 

32 

1,600 


dose was sufficient to allow the development of 
moderately high white counts with moderate 
numbers of blasts and histological changes 
which could not be distinguished from the 


controls. 

Within each group the histologic changes 
were surprisingly uniform in the individual 
animals. The plus values given in Table I 
apply to each individual animal and are not 
means for the group. 

In all the experimental groups growth was 
arrested and there was a steady loss of weight. 
In this respect none of the groups differed 


from the others. 

Because of the high mortality of the experi- 
mental animals on the purified diet, as de- 
scribed in Part I of this experiment, the effect 
of the PGA-antagonist, when added to an un- 
purified diet known to be nutritionally ade- 
quate for the mouse (Purina dog chow), was 
studied. 

Methods. In preliminary ex-periments, 
PGA-antagonist at levels of 0.5 fo and 1.0% 
had had some effect on the progress^ of the 
leukemia but not enough to be statistically 
significant. Accordingly, 24 Ak mice, weigh- 
in<r within S.g of each other, were arranged in 
3 %oups of 8 animals each and were fed 
Purina dog chow ground into a coarse powder. 
Group 1 (controls) was given no supplement, 
while Group 2 and Group 3 were given the 
antagonist at levels of 2 and 4%, respectiyely 
•The animals of Groups 1 and 2 were fed that 
amount of diet consumed by Group 3 on the 
previous day. Twice weekly all animals were 
weighed and total and differential leucocyte 
counts were done. On the fifteenth day all 
animals were transplanted. At autopsy, src 
tions of liver, spleen, and bone marrow nere 
made for histologic study. 


Results. In contrast to the experience de- 
scribed in Part I, the dietary regimen of Part 
II was very well tolerated by all animals. 
None of the animals died in the preliminary 
stages and all developed evidence of leukemia 
before death. The results are given in Table 
II. With 2% antagonist the mean survival 
time was more than doubled, and with 4% it 
was more than tripled. In neither of the sup- 
plemented groups did an animal e.xpire until 
at least 10 days after the last control animal 
had died. 

The peripheral blood of the e.xperimental 
animals showed more evidence of leukemia 
than was seen in the experimental animals on 
the purified diet of Part I. Even with PG.A- 
antagonist at a level of 4% many blast forms 
appeared although only 2 total leucocyte 
counts were above 24,000, the maximal 
normal. 

In contrast to the animals on the deficiency' 
regimen of Part I, the histologic findings in 
the e.xperimental animals of Part IT were in- 
distinguishable from those of the controls. In- 
filtration of all organs was extensive, ^^ery 
probably this infiltration occurred later and 
more slowly in the experimental animals as 
compared to the controls. 

There was a moderate loss of weight in 
some animals; others gained. The mean loss 
was considerably less than that shown by the 
animals on the deficiency regimen. 

Discussion. Several factors might be con- 
sidered as having contributed to the experi- 
mental results; among these are: 1) simple 
inanition, 2) deficiency of PG.A, 3) an effect 
of one or more substances in the crude antag- 
onist. Inanition might be seriously consid- 
ered, if the increased survival times alone were 
taken into account, and if the paired feeding 
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II. The effect of “rage” on the lymphocyte 
count. Xormal and adrenodemedullated rats 
were given a slight electroshock applied to 
both ears for 0.4 second. The rats reacted 
strongly to the stimulus with struggling and 
vocalization but were quiet a few minutes 
later. The effect on the h'mphoci'tes was simi- 
lar to that described in the first group but 
the difference in the reaction between normal 
and adrenodemedullated rats was even greater 
(P < 0.001. The change in the neutrophil 
count was again much less than in that of 
the h-mphocj'tes. leading to a hmiphopenia 
and a relative neutrophilia as on injection of 
adrenalin. Xo changes occurred in the neu- 
trophils of the demedullated group and the 
fall in the lymphocytes was very slight. The 
red cell count before and 60 minutes after the 
•‘rage’’ reaction showed clearly that the 
changes in the hanphocytes of normal rats in 
conditions of “rage" are not due to a dilution 
of the blood. 

III. The action of hypoglycemia on the 
lymphocyte count. series of e.vperiments 
listed in Table II was performed to determine 
the action of insulin hj-poglycemia on the lym- 
phocyte count of normal and adrenodemedul- 
lated rats. Since the latter are more sensitive 
to insulin than normal rats the e.xperimental 
conditions had to be slightly modified for the 
two groups in order to obtain similar degrees 
of hj-poglycemia. Table II shows that this 
was accomplished b\f vart'ing the time inten’al 
of insulin injeclibns and the duration of fast- 
ing. If both groups (normal and demedullat- 
ed rats) were given 2 successive injections of 
0.5 unit/kilo insulin i.p. at an inter%'al of 20 
minutes the demedullated rats were in coma 
at about 30 to 40 minutes but the normal rats 
at 60 minutes. By delating the second in- 
jection by 10 minutes the demedullated group 
went into coma at about the same time as the 
unoperated group, .^s the Table shows the ef- 
fect of insulin on blood sugar was very similar 
in groups .A. (normal) and D (demedul- 
lated); likewise the mild hjpoglycemic effects 
in groups C and E were about the same. In 
the groups .A and D in which each animal was 
in coma at 60 minutes the average lymphocyte 
count was 60 and 70.2% respectively of the 
pree.xperimental level in the normal’and the 
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17100. Lymphopenia and the Secretion of Adrenalin. * 

E. GeliIhorn and S. Frank. 

From the Lnboralori, of Xeurophysioloriy, Vepartment of Physiology, VnWersUy of Mhniesolo. 


It was showp in a preceding paper' that 
the injection of adrenalin in doses of from 
O.OS to 1 v/lOO g significantly lowers the 
lymphocyte count of the rat while the number 
of neutrophils is reduced to a lesser extent. 
This result (lymphopenia and a relative neu- 
trophiliaf) is not seen in adrenalectomized 
animals. The great sensitivity of this reac- 
tion makes it probable that it may occur under 
conditions involving not the injection but the 
secretion of adrenalin. Since the question of 
increased adrenalin secretion in physiological 
conditions is still controversial (See Rogoff," 
for the older literature see Gellhorn-'®) it was 
decided to investigate the action of hemor- 
rhage, emotional excitement and insulin hypo- 
glycemia on the lymphocyte count. Elmadjian 
and Pincus' showed alreadj' that struggle 
(excitement) and exposure to cold resulted in 
lymphopenia and that this effect was absent in 
adrenalectomized rats. However the experi- 
ments of these authors did not deal with the 
question whether the secretion of adrenalin 
formed a necessary' link in the chain of events 
leading to lymphopenia under conditions of 
struggle, etc. The present work was under- 
taken to fill this gap. 

Method. The experiments were performed 
on adult Sprague-Dawley rats (weight ISO to 
200 g) after a 16 hour fast unless otherwise 
stated. Blood samples w'ere taken from the 
tail blood and the lymphocytes were deter- 

* Aided l)y .a giant from the Office of Jfav.il 
Beseareii. 

1 Gellliorn, E., and Prank, S., Pnoc. Soc. Exp. 
Btoa. AND Med., WiS, 00, 426. 

f Tlirougli an oversiglit this effect was described 
in the preceding paper as lymphopenia and neutro- 
philia instead of ],vmpliopenia and relative neutro- 
philia. 

SRogoff, J. 31., J. Oenetic Psychol., 194.5, .32, 
249. 

SGellhorn, E., /Iiifotioniic Pegulations, New 
York, 1943. 

4 Elmadjian, F., and Fincus, G., Endocrinology, 
1945, .37, 47. 


mined before and 20, 40 and 60 minutes after 
the e.xperimental procedure. Three procedures 
were used. The first consisted in hemorrhage 
(1 cc bIood/100 g weight removed from the 
tail veins) ; the second involved emotional ex- 
citement induced by a slight electric shock 
which elicited a “rage” reaction but did not 
produce a convulsion. As a third procedure 
insulin* was injected intraperitoneally and the 
effect of varying degrees of hypoglycemia was 
studied. The blood sugar was determined as 
in previous papers."’’ The experiments were per- 
formed on , normal and adrenodemedullated 
rats. The latter were used not earlier than 
10 to 14 days after operation and only after 
a test with adrenalin 0.1 y/100 g i.p. had 
resulted in a marked lymphopenia. If this 
effect was not clear cut the animal was either 
discarded or used after a second adrenalin 
test taken one or two weeks later had proved 
the responsiveness of the adrenal cortex to in- 
jected adrenalin. 

Results. I. The effect oj hemorrhage on the 
lymphocyte count. Table I shows the per- 
centage changes in hmiphocytes and poljmu- 
clear leucocytes following hemorrhage. In 60 
minutes the former fell to 66.9% of the con- 
trol value in normal rats whereas adrenode- 
medullated animals showed only an insignifi- 
cant fall (to 91.S%). This difference is sta- 
tistically significant (P < 0.01). The poly- 
nuclear cells fell only slightly. As the red cell 
count indicates the difference existing between 
the normal and adrenodemedullated rats is not 
accounted for by differences in the dilution of 
•the blood and must therefore be attributed to 
a reaction dependent on the secretion of adren- 
alin. The fact that the reaction observed in 
normal rats has the same characteristics (lym- 
phopenia and relative neutrophilia) as seen 
after injection of adrenalin supports this con- 
clusion. 

t Kindir supplied by tJie Eli Eill.v <'*«d Co. 

5 S.ifford, H., and Gellkorn, E., Fboc. Soc. E.xp, 
Bioi.. AXD Med., 1945, 00, 98. 
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demedullated group. The statistical evalua- 
tion shows that P is < 0.05 suggesting prob- 
able significance. As the hypoglycemic effect 
diminishes from A to C in the normal group 
(the final, 60 minutes — blood sugar being 28, 
43 and 50 mg % respectively) the lympho- 
penia becomes progressively less (60fo in 
group A, 70% in B and 75% in C). Com- 
parison of A to C on the basis of the lympho- 
cyte count at 60 minutes gives P < 0.01 in- 
dicating that the difference is statistically sig- 
nificant. On the other hand similar difterences 
in hjTXiglycemia in the demedullated group (D 
and E) do not lead to statistically significant 
differences in lymphocyte count. These data 
suggest that in h>-ppglycemia the increased 
secretion of adrenalin contributes to lympho- 
penia. However further control experiments 
appeared in order. Therefore a final group of 
insulin tests was performed on adrenalecto- 
mized rats in which the count of red cells and 
lymphocytes, and the blood sugar were deter- 
mined. As Table II shows adrenalectomized 
rats show only a very slight fall in lympho- 
cytes and no characteristic changes in neutro- 
phils. In vdew of the fact that the lympho- 
cytes fell more in demedullated than in adren- 
alectomized animals subjected to insulin coma 
it is suggested that in addition to the Ij'mpho- 
penia initiated by the increased secretion of 
adrenalin some other effect of low blood sugar 
on the adrenal cortex occurs which leads to 
lymphopenia without the inter\’ention of func- 
tional changes in the secretion of adrenalin. 
Here again the red blood count remained un- 
changed. 

Our investigations show that hemorrhage, 
general (“emotional”) excitement and, to a 
lesser extent, insulin hj'poglycemia lead to a 
lymphopenia and a relative neutrophilia in 
normal but not in adrenodemedullated rats. As 
was shown previously similar changes may be 
induced by the injection of adrenalin. Since 
hemorrhage, general excitation and injection 
of adrenalin no longer cause these effects in 
adrenalectomized rats it must be concluded 
that emotional e.xcitement and hemorrhage 
lead to an increased secretion of adrenalin 
which indirectly, probably through a decrease 
in the level of cortical hormones in blood and 


tissues (Sayers and Sayers, *’ Gellhorn and 
Frank), leads to a discharge of adrenocortical 
hormones resulting in lymphopenia. Insulin 
hypoglycemia causes a similar reaction but our 
e.xperiment suggests an additional action of 
hypoglvcemia on the hypophyseal-adrenocorti- 
cal system since hypoglycemia acts much more 
on the lymphocyte count of adrenodemedul- 
lated than on that of adrenalectomized rats. 
This action appears to be the cause of the 
lesser difference between adrenodemedullated 
and normal rats under conditions of hypogly- 
cemic coma than was found between these 
groups of animals subjected to hemorrhage 
and excitement. Observations by Parsons and 
collaborator’s' on the action of insulin hypo- 
glycemia and injection of adrenalin on the 
blood count of schizophrenics agree with our 
present and previous ex-periments except for 
the fact that in these e.xperiments lympho- 
penia is associated with an absolute neutro- 
philia whereas in our work on rats injection or 
secretion of adrenlin leads to lymphopenia 
with relative neutrophilia. However, this 
difference is probably accounted for by the 
fact that adrenalin in large doses causes lym- 
phopenia and neutrophilia (Hungerford).^ 
Summary. Hemorrhage (I cc/100 g bodj^ 
weight) and general e.xcitement (induced by 
the action of a subconvulsive electrical shock) 
cause l 3 'mphopenia and relative neutrophilia 
in normal but not in adrenodemedullated rats. 
Insulin hx-poglycemia leading to coma induces 
a greater l\-mphopenia in normal than in 
adrenodemedullated animals. It is concluded 
that hemorrhage, general excitement and insu- 
lin coma cause an increased secretion of adren- 
alin followed by an increased discharge of 
adrenocortical hormones. Hypogh-cemia seems 
to induce some increased adrenocortical secre- 
tion even in the absence of the adrenal me- 
dulla. 


'JSayor.s, G., anil Sayer.e. 51. .A., KnilorrhioJogy^ 
1947, 40, 20.7. 

~ I’arsous, E. II., GUdea, E. F., Ronzonl. E., and 
Ilulbert, .S. Z., .4m. .7. Ptnjchint., 1949, 105, 573. 

h Ilungerford, G. F., Fnor. Hoc. Exp. Biol. .\xd 
5Ir.D., 1949, TO, 3.5fi. 


Rweived Aiiril 19. 1949. I’.S.E.B.M., 1949, Tl. 
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demedullated group. The statistical evalua- 
tion shows that P is < 0.05 suggesting prob- 
able significance, .^s the hypKiglycemic effect 
diminishes from A to C in the normal group 
(the final, 60 minutes — ^blood sugar being 28, 
43 and 50 mg % respectively) the lympho- 
penia becomes progressively less (60% in 
group A, 70% in B and 75% in C). Com- 
parison of A to C on the basis of the lympho- 
cyte count at 60 minutes gives P < 0.01 in- 
dicating that the difference is statistically sig- 
nificant. On the other hand similar differences 
in hipogljxemia in the demedullated group (D 
and E) do not lead to statistically significant 
differences in lymphocjde count. These data 
suggest that in hj-poglycemia the increased 
secretion of adrenalin contributes to lympho- 
penia. However further control experiments 
appeared in order. Therefore a final group of 
insulin tests was performed on adrenalecto- 
mized rats in which the count of red cells and 
lymphocytes, and the blood sugar were deter- 
mined. .As Table II shows adrenalectomized 
rats show onl}' a ver}' slight fall in Lympho- 
cytes and no characteristic changes in neutro- 
phils. In \new of the fact that the hmipho- 
cytes fell more in demedullated than in adren- 
alectomized animals subjected to insulin coma 
it is suggested that in addition to the lympho- 
penia initiated bj' the increased secretion of 
adrenalin some other effect of low blood sugar 
on the adrenal cortex occurs which leads to 
lymphopenia without the intervention of func- 
tional changes in the secretion of adrenalin. 
Here again the red blood count remained un- 
changed. 

Our inyestigations show that hemorrhage, 
general (“emotional”) excitement and, to a 
lesser e.xtent, insulin hj^poglycemia lead to a 
lymphopenia and a relative neutrophilia in 
normal but not in adrenodemedullated rats. .As 
''a® shown previoush' similar changes may be 
induced by the injection of adrenalin. Since 
hemorrhage, general e.xcitation and injection 
of adrenalin no longer cause these effects in 
adrenalectomized rats it must be concluded 
I at emotional excitement and hemorrhage 
cad to an increased secretion of adrenalin 
which indirectly, probably through a decrease 
in the level of cortical hormones in blood and 


tissues (Sayers and Sayers,® Gellhorn and 
Frank), leads to a discharge of adrenocortical 
hormones resulting in lymphopenia. Insulin 
hypoglycemia causes a similar reaction but our 
experiment suggests an additional action of 
hiypoglycemia on the hjypophyseal-adrenocorti- 
cal system since hypoglycemia acts much more 
on the h'lnphocide count of adrenodemedul- 
lated than on that of adrenalectomized rats. 
This action appears to be the cause of the 
lesser difference between adrenodemedullated 
and normal rats under conditions of hypogly- 
cemic coma than was found between these 
groups of animals subjected to hemorrhage 
and excitement. Observations by Parsons and 
collaborator's' on the action of insulin hypo- 
glycemia and injection of adrenalin on the 
blood count of schizophrenics agree with our 
present and previous experiments except for 
the fact that in these experiments lympho- 
penia is associated with an absolute neutro- 
philia whereas in our work on rats injection or 
secretion of adrenlin leads to lymphopenia 
with relative neutrophilia. However, this 
difference is probably accounted for by the 
fact that adrenalin in large doses causes lym- 
phopenia and neutrophilia (Hungerford).'* 

Stivnitary. Hemorrhage (1 cc/100 g body 
weight) and general excitement (induced b}- 
the action of a subconvulsive electrical shock) 
cause hmiphopenia and relative neutrophilia 
in normal but not in adrenodemedullated rats. 
Insulin hj-poglycemia leading to coma induces 
a greater lymphopenia in normal than in 
adrenodemedullated animals. It is concluded 
that hemorrhage, general excitement and insu- 
lin coma cause an increased secretion of adren- 
alin followed by an increased discharge of 
adrenocortical hormones. Hypoglycemia seems 
to induce some increased adrenocortical secre- 
tion even in the absence of the adrenal me- 
dulla. 


"■•Sayers, G., ami Sayers. M. A., Eiittncrhiolopri, 
1947, 40, 2G5. 

V Parsons, E. H., GiUlca, E. E., Eoiizoni. E., and 
Ilulbert, S. Z., Am. J. Psiichiiil., 1949, 105, 573. 

S' Hungerford, G. F., Phoc. Soc. Exp. Biol, and 
Med., 1949, 70, 35G. 

Hceeivcd April 19, 1949. P.S.E.B.M., 1949. 71. 
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17101 P. Interaction of Swine Influenza Virus and Egg-White Inhibitor of 
Virus Hemagglutination.* 


Frank Lanni and J. W. Beard. 

From the Department of Surgery, Dul'c Dniversity Sehunl of Medicine, Durham, X. C. 


The interaction of swine influenza virus 
and egg-white (EW) inhibitor of virus hemag- 
glutination resembles an enzymatic reaction 
with the virus acting as enzyme and the in- 
hibitor as substrate.^ Attempts to follow the 
kinetics of inhibitor inactivation by virus have 
revealed that the inhibitor present during the 
intermediate period of the reaction differs in 
behavior from untreated inhibitor. This ob- 
servation and its possible significance are the 
.subjects of the present report. 

Materials and Methods. The swine influ- 
enza virus was the purified preparation SF, 
previously described/ which contained about 
7j200 hemagglutinating doses (HD) and 0.234 
mg N per ml. The preparation of semipurified 
inhibitor, A200 PII El, was obtained by pre- 
cipitating EW with 7 volumes 0.1 M KH2PO4 
and extracting the precipitate, after washing, 
with 0.06 M phosphate buffer at pH 7.2.- 
The extract contained 120 y N per ml and was 
about 30 times as active as EW on a N basis. 
The residual inhibitory activity of virus- 
inhibitor mixtures was titrated against 4 HD 
heated swine virus (53°C, 30 minutes) by the 
constant virus-varying inhibitor method." 
Preliminary to titration, the virus-inhibitor 
mixtures were immersed in boiling water for 
2 minutes ,to destroy the hemagglutinating ac- 
tivity of the virus; the activity of the in- 
hibitor was not significantly affected by this 
treatment. Buffered saline, consisting of 
0.81% NaCl and 0.005 M phosphate at pH 
7.3, was the diluent throughout. 

* This investig.ition was supported by a grant to 
Bnhe University from Lederle Laboratories, Inc., 
Pearl Kiver, N. Y., by tlie Dorothy Beard Re- 
search Fund and by a research grant from the 
^’•atiollal Cancer Institute, U. S. Public Health 
Service. 

1 Lanni, F.,' and Beard, J. Y'., Proc. Soc. Exp. 
Biol, axd Med., 1948, 68, 442. 

s.Lamii, F., Sharp, D. G.', Eckert, E- A., Dillon, 
B. S., Beard, D., and Beard, J. W., J. Dioi. Chem., 
jn press. 


Experimental. In a typical experiment, mix- 
tures of equal volumes of 1:5 inhibitor and 
1:200 SF were incubated for varying periods 
at room temperature (27°C), immersed in 
boiling water, cooled, and titrated for residual 
inhibitory activity with virus heated at 53°C; 
inhibitor controls devoid of virus were in- 
cluded. The complete titration data are 
shown in Fig. 1, in which both the convention- 
al designations, O to -) — | — ] — F, denoting 
minimal to maximal hemagglutination, and 
the corresponding chicken red blood cell con- 
centrations in the reference red-cell suspen- 
sions are used as ordinates. In the present 
experiment, the designation — | — 1-± cor- 
responds to zero inhibition. From the results 
it is evident that virus-treated inhibitor can- 
not properly be described as diluted untreated 
inhibitor, since the inhibition curves cannot 
be superimposed by translation along the axis 
of inhibitor dilution; therefore, no simple 
kinetic analysis is possible. Hirst^ has re- 



Fig. 1. 

Inliibitorj" .'letivity of purifietl EW iiiliibitor 
(A200 PIT El) after incubation witli imrificd 
swine influenza virus (SF) for varying jieriods at 
ET'C, as tested with heated (oS'-C, 30 mimitc.s) 
virus. Period of ineuiiation: curve A, 0 minutes; 
B, 3 minutes; C, 10 minutc.s; D, 30 minutes; E, 
100 minutes. Cun'O A applies also to untreated 
inliibitor control and to inidbitor control lie.'ited 
in boiling water for 2 minutes. 

.1 Hirst, G. K., J. Exp. Med.. 1048, 87, 31.1. 
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ported a similar result with normal serum in- 
hibitor. 

Experiments to clarifj' the origin of the pro- 
gressive decrease in slojre induced by virus 
(Fig. 1) have shown that (a) the slope effect 
is not attributable to the concentration of im- 
purities (cf. 2) or to the accumulation of non- 
inhibitory reaction products; and (b) the in- 
hibitor ^aracterized by shallow slope does 
not sediment appreciably in centrifugal fields 
sufficient for sedimenting virus. 

Discussion. The slope of the inhibition 
curves (Fig. 1) in the region of transition 
from zero to maximal agglutination may be 
tentatively interpreted in terms of the firmness 
of attachment of’ inhibitor to the particles of 
the titrating virus. Accordingly, virus-treat- 
ed inhibitor may be described as a “weak” 
inhibitor in comparison with untreated inhib- 
itor. 

.A.vailable evidence suggests that the weak in- 
hibitor is a free inhibitor, unattached to virus. 
Such an inhibitor could pre-exist in a hetero- 
geneous inhibitor population and could be 
made manifest through a preferential action 
of virus against strong inhibitor, .^n attrac- 
tive alternative is that the weak inhibitor is 


the product of a progressive, rather than all- 
or-none, action of virus. If the latter explana- 
tion should be correct, the demonstration of 
a free, weak inhibitor, intermediate between 
fully active and inactive inhibitor, would pro- 
vide strong support for the enzymatic hj^othe- 
sis of inhibitor inactivation by \’irus. The 
possibilitj' that the action of virus is not all- 
or-none has been previously suggested by Bur- 
net and collaborators'*'”' from related, but 
somewhat more complicated, e.xperiments. 

Summary. During the interaction of swine 
influenza virus and egg-white inhibitor of 
hemagglutination, there appears a weak in- 
hibitor, which has titrating properties different 
from those of untreated inhibitor. This re- 
sult renders impossible a simple kinetic treat- 
ment of the data. The significance of the 
weak inhibitor for the mechanism of virus- 
inhibitor interaction is discussed. 

I Burnet, F. M., Aiistr. J. Fj;). Biot, and Med. 
Set., 1948, 20, 389. 

Aiiderson, S. G., Burnet, F. It., F.azekus tie 
St. Grotli, S., MeCren, J. F., anti Stone, .T. 1)., 
Aii.itr. J. E.r!K Biol, iiiit? Med. Sci., 1948, 20, 403. 

Received April 20, 1949. P.S.E.B.M., 1949, 71. 


17102. Role of Adrenal in Uptake of I**” by the Thyroid Following Paren- 
teral Administration of Epinephrine. 

Louis J. SoFFER, J. Lester Gabrilove, and Joseph W. Jailer. 

Frovt the Endocrine Section of the Medical Scrrice.<i and the Chemical Eahnratortj, Mount 

Sitiai Hospital, Kexe Yorl: City. 


In a previous paper* we reported that the 
parenteral injection of epinephrine into both 
the intact and the totally thyroidectomized 
dog resulted in an increase in secretion of 
thyrotropin from the adenohypoph 3 'sis. In 
the intact dog this was evidenced by the de- 
velopment of hyperplastic changes in the 
thyroid following the daily injection of 
adrenalin-in-oil. Serum obtained from simi- 
larly treated totalty thvHoidectomized animals, 
when injected subcutaneousl}" into young 
guinea pigs not exceeding 200 g in weight, 
resulted in hyperplastic changes in the thy- 

* Sofler, L. J., Volterra, M., G-abrilove, .T. L., 
Roll.'ick, A., and .Taeobs, SI., Proc. Soc. Exp. Biol. 

and Me,)., 194;^ 04^ 44g 


roids of the treated guinea pigs. 

It was further reported that the increase 
in circulating thyrotropic factor resulting from 
the injection of epinephrine in totally thy- 
roidectomized dogs reached its peak approxi- 
mately 4 to 6 days following the beginning 
of treatment, and thereafter began to diminish 
despite the continued injection of epinephrine. 

The present report is concerned with a 
study of the role of the adrenals in the above 
described phenomena. In place of the bio- 
logical assay method previously employed for 
the determination of circulating thyrotropin, 
we used the percentage uptake of parentalh- 
administered P*** as an index of thyroid ac- 
tivityc This technique has the relative ad- 
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vantages of simplicity and a higher degree of 
accuracy over the biological assay method. 

Methods. Male rats of the Wistar strain 
(Canvorth Farms) weighing appro.ximately 
125 g were employed. They were placed on 
a low iodine, minimally goitrogenic (Steen- 
boch) diet* for at least 3 weeks before being 
used experimentally in order to insure an 
adequate uptake by the thyroid gland of P^*.- 
In the adrenalectom}^ e.xperiments, rats of the 
Sprague-Dawley strain were also employed 
because of the . reported lesser frequency of 
accessory adrenal tissue. 

■ The e.x’periments were planned to study 
the 24-hour percentage uptake of parenterally 
administered by the thyroid gland after 
the administration of epinephrine in the in- 
tact and in the adrenalectomized animals. 
Some preliminary studies were conducted to 
determine the influence of the daily injection 
of 17-hydroxy- II deh 3 'drocorticosteronel upon 
the response of the bilaterally adrenalecto- 
mized animals. 

All experiments were conducted -with litter 
mates acting as controls. The animals in each 
experimental group were subjected to the 
same diet and environment and for the same 
duration of time, although the period of time 
that the respective groups were kept on the 
low iodine diet varied from experiment to 
e.xperiment. In no instance, however, was 
such a period less than 3 weeks. 

In the intact animals epinephrine was ad- 
ministered twice a day at 9:00 A.M. and 
5:00 P.hl., for 3, 7, and 32 days. Each 
dose consisted of 0.1 cc of 1:1000 aqueous 
epinephrine and O.I cc of epinephrine-in-oil, 
1:500, injected subcutaneously in separate 
sites. The morning following the last injec- 
tion of epinephrine (approximately 17 hours 
later) 2 microcuries of 1'“^ was administered 


* Tlie Stcenboch diet is as follows : 

Yellow corn 
■Wheat gluten 
Caleium carbonate 
Sodium chloride 
Irradiated yeast / 

Drinking water containing O.Oh ^g NVee 
2 Dawson, E. W., Tannheinier, J. 1., and Pea- 
)Ck Endocrinol., 1944, 34, 245. 

t The 17 -hydroxy-ll-dchydrocorticosteronc was 

indly suppUed by the Merck Co., Eahway, N. J. 


76% 
20 % 
3% 
1 % 
4 g/k 


intraperitonealljL Twenty-four hours follow- 
ing the administration of the radioactive 
iodine the animals were killed by the intra- 
peritoneal administration of Nembutal, and 
the thyroid glands removed. 

In the experiments involving the adren- 
alectomized animals, the rats were bilaterally 
adrenalectomized after being on the low iodine 
diet for a period of not less than 3 weeks. At 
least one week was permitted to elapse follow- 
ing adrenalectomy before the injections of 
epinephrine were started. The adrenalecto- 
mized animals were maintained during the 
e.xperimental period by the addition of sodium 
chloride to the drinking water, in isotonic 
concentration. Epinephrine was administered 
twice a day for 3 days in the same dosage given 
to the intact animals. In one e.xperiment, 
one group of adrenalectomized animals re- 
ceived simultaneous injections of both epi- 
nephrine and 17-hydro.x3'-ll dehydrocortico- 
sterone. The latter was administered sub- 
cutaneously in a dosage of 2 mg daily for 

3 days. 

The radioactive iodine was administered 
and the animals sacrificed in the same manner 
described for the intact animals. The th 3 ’- 
roid glands were carefully dissected free of 
connective tissue weighed on a torsion bal- 
ance, and placed in 2 cc of 1% sodium hy- 
droxide. Digestion was carried out over a 
steam bath. The solution was diluted to 

4 cc, an aliquot removed, placed in a metal 
cap, and allowed to dry. The /9 radiation of 
the sample was measured with a Geiger 
counter employing the original solution of 

as a standard for calculation of the per- 
centage uptake. 

Results. In Table I are presented the re- 
sults obtained in the intact animals. It will 
be noted that in each e.xperimental group the 
percentage uptake of I*^' is considerabN 
greater in the control group than in the com- 
parable group treated with epinephrine. The 
percentage uptake of of the treated group 
varied from 45.3 to 66.8% of that of the un- 
treated controls. 

The injection of epinephrine (Table II) 
into the adrenalectomized animals, however, 
resulted in an increase in the percentage 
uptake of I''” as compared to that of the 
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non-injected adrenalectomized controls. In 
these experiments the percentage uptake 
of the administered in the epineph- 
rine treated adrenalectomized rats varied 
from 127 to 156% of that of the untreated 
adrenalectomized rats. In one small group of 
adrenalectomized animals injected with both 
epinephrine and 17-hydrox}'-ll-deh3'’drocorti- 
costerone, there occurred a reversal of this 
phenomenon with a marked reduction in the 
uptake of radioactive iodine. 

Conclusions. The injection of epinephrine 
into the intact rat results in a considerable 
decrease in the uptake of I*'"”. This is in sharp 
contrast to the results obtained in -similarK- 
treated adrenalectomized rats. In this group, 
the injections of epinephrine after adrenal- 
ectomj’ is followed b\' a pronounced increase 
in the percentage uptake of radioactive iodine. 
These experiments would indicate that the 
adrenal corte.x exercises an inhibitor}' effect 
on the thjTotropin stimulating action of 
epinephrine. The results obtained in the rat 
are somewhat different from those obsen'ed in 
the dog, in that in the latter animal the in- 
hibitory effects of the adrenal are not mani- 
fest until after several daj'S of treatment with 
epinephrine. This apparently represents a 
species difference, although a different tech- 
nique was employed. 

In one preliminar}' group of e.xperiments 
it was found that the parenteral administra- 
tion of 17-h3-drox3'-ll-deh3-drocorticosterone, 
one of the carboh3'drate acting fractions of the 
adrenal cortex, inhibited the th3’rotropin 
stimulating effect of epinephrine. 

That the decrease in uptake of I*^‘ in the 
epinephrine treated intact animals is not due 
to the vasoconstrictor effects of the epineph- 
rine is evidenced b}' the fact that in similar- 
13' treated adrenalectomized animals the per- 
centage uptake of I^^'^ is considerabl}* greater 
than that of the untreated controls. A period 
of 17 hours after the last injection of epineph- 
rine was allowed to elapse before the ad- 
ministration of I'^' in order to avoid an}' 
possible vasoconstrictor effects. 

We wish to extend our sincere thanks to the 
Physics Laboratory of tlie llospital for their aid 
with the isotope studies. 

Bcceived April 20, 19-19. P.S.E.B.M., 1919, 71. 
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17103. Some Chemical and Morphological Changes Elicited in the Adrenal 
by Stilbestrol and LAP. 


F. R. Skelton,* C. Fortier,! and H. Selye. 

From the Ftstitnt dc Medecitie et do Chirurgie Experhnentates, Universiie dr iOmlrcal. 


Preliminary observations suggested that a 
lyophilized anterior pituitary preparation 
(LAP), when administered simultaneously 
with stilbestrol, inhibits the discharge of 
adrenal sudanophilic material which is nor- 
mally a characteristic effect of this synthetic 
estrogen. Hence the following experiment was 
planned to study in a more comprehensive 
manner the chemical and morphological 
changes produced in the adrenal by LAP, stil- 
bestrol and combined treatment with both 
these substances. 


Materials and methods, 48 female piebald 
rats averaging 140 g in weight were divided 
into 4 groups of 12 rats each and treated as 
follows: Group 1 served as normal controls. 
Group II received 20 mg of LAP in 0.2 cc 
of saline twice daily subcutaneously. Group 
HI was given 1 mg of stilbestrol dissolved in 
0.2 cc of corn oil once daily subcutaneously. 
In addition this group received a saline injec- 
tion on the 9th day (to equalize the injec- 
tion-trauma with Group IV). Group IV was 
given both LAP and stilbestrol in the same 
manner as Groups II and III respectively. At 
the end of 10 days the rats were killed by 
ether anesthesia. The adrenal glands from 6 
rats of each group were immediately removed 
and weighed separately to 1 mg of accuracy. 
One gland of each rat was then placed into 
4% trichloracetic acid for ascorbic acid de- 
termination (method of Roe and Kuether’) 
and the other into acetone-alcohol for choles- 
terol estimation (method of Sperry and Scho- 
enheimer, modification of Sperry"). 

The adrenals of the other 6 rats of each 
group were used for histological study as fol- 

* This work was initiated while the author was a 
holder of a research fellowship from the Hoffman- 


jaKoche Co., NutlejyK. J. 

t This work was done during tlie tenure of a 
jife Insurance Medical Besearoh fellowship. 

1 Eoe, J. H., and Kuether, C. A., J. Biol. Cliem., 
1943. 147, 399. 

2 Sperry, W. M., Am. J. CUn. Both., 193S, 2, 91. 


lows; one was fixed in 10% formalin for 48 
hours after which frozen sections were made 
at 10 ji. These were stained for lipids with 
Sudan IV and for “Plasmalogens” with the 
Schiff reagent (method of Feulgen and I'oigt 
as described by Lison»). The other adrenal 
and thymus were fixed in Heidenhain’s Suza 
fixative for H and E paraffin sections cut at 

6 /t. 

Results. A summary of our results is given 
in Table I which includes a statistical com- 
parison of the values obtained. 

Weight changes. As thymus and adrenal 
weight changes are inversely related to each 
other, they can be considered together. In 
all experimental groups there was adrenal en- 
largement and thymus involution. These 
changes were most pronounced in Group IV 
and least marked in Group II. 

Chemical changes. The cholesterol and 
ascorbic acid values are expressed in mg/100 
mg of adrenal tissue (concentration) and in 
mg/100 g of body weight (total content). 

.After L.AP treatment (Group II) there is 
a decrease in the concentration and total con- 
tent of adrenal cholesterol; only the decrease 
in concentration being significant. Stilbes- 
trol (Group III) causes a very marked and 
significant decrease in both concentration and 
content of adrenal cholesterol. After LAP 
and stilbestrol (Group IV) these values were 
still lower, but not significantly different from 
the former group (Group HI). 

In a progressive order, LAP (Group II), 
stilbestrol alone (Group III) and in conjunc- 
tion -with LAP (Group IV) significantly de- 
creased the adrenal ascorbic acid concentra- 
tion. It is of interest that while the changes 
in the total content and concentration of cho- 
lesterol run parallel, no such parallelism is 
evident as regards ascorbic acid.^ 
aliison, L., Histocliimie Aiiini.nlc, Gautliicr- 
A’’illars, Paris, 193G. 

4X,udewig, S., mid Cliaiiutin, A., Kndnrrinnlngg, 
1947, 41, 133. 
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TABLE I. 

Effect of LAP* and SfilBcstrol on Thymus and Adrenal 'Weight and Adrenal Cholesterol ajid 

Ascorbic Acid. 




Thymus weight 

Adrenal weight 

Group 

Treatment 

"llg/lOO g 
bod.v 

Pt 

Mg/100 g 
body 

P 

I 

II 

III 

IV 

0 

LAP 

Stilbestrol 

Stilbe.strol 

LAP 

116 ± 22 

47 ■iz (5.3 
56 i: 4.8 
21.3 ± 1.5 

IM <.01 

III- I <.02 

IV- I <.ni 
IV-II <.01 

IV-III <.01 

32 zi: 2.5 

36 ztz 0.5 

79 ztz 6.6 
83.9 ± 14.5 

II-I <.01 

III- r <.01 

IV- I <.01 
IV-II <.01 
IV-III>.1 




Adrenal cholesterol 


Group 

Treatment 

'llg/lOOg 

body 

p 

^1^/100 nig 

adrenal tissue 

% 

P 

I 

II 

III 

IV 

0 

LAP 

Stilbestrol 

.Stilbestrol 

LAP 

.623 zt -OSS 
.375 zt: .076 
.300 -1- .058 
.ISO .021 

II-I >.17 

III- I <,02 

IV- I <.01 
IV-II <.o.', 
n'-iir<,i{ 

2.674 .168 

1.047 iz .231 
.385 zfc .087 
.227 zt 0.15 

II-I <.01 

III- I <.01 
II'-I <.01 

IV- II <.01 

iv-ra>.i 




Adrenal ascorbic acid 


Groii)) 

Treatment 

' .Mg/100 g 
bod.v 

P 

>fg/I00 ing 
adrenal tissue 

p 

I 

II 

III 

IV 

0 

L.AP 

Stilbestrol 

Stilbestrol 

LAP 

.105 -e .014 
.117 -e .008 
.168 ± .027 
.097 ± .014 

ii-r >.17 

III- l <.17 
H'-I >.17 
lA'-II >.17 

IV- ilK.o.S 

.442 -r- .0.50 
.322 .020 

.222 zt .030 
.122 zt .021 

II-X <.05 

III- I <.02 

IV- I <.01 
IV-II <.01 

n'-iii>.i7 


* Lyophilized Anterior Pituitary. 

t Prohabilit.v of a chance occurrence of the difference between the inean.s, from pisher’s 
table of T values. 

} Difference not statistically significant. 


Histology. .As the results of Sudan and 
Schiff stains were in the same direction, onh’ 
the former nill be discussed. 

The sudanophilia of the adrenal cortex was 
greatly increased by L.AP. In contrast stil- 
bestrol caused a marked discharge of sudano- 
philic granules. Curiously, combined stilbes- 
trol and L.AP treatment actually increased 
the cortical lipid content abov^e normal, with 
a maximal concentration in the outer fascicu- 
lata. 

Examination of H. and E. sections revealed 
a predominant hyperplasia of the adrenals 
with slight hjperemia in the group treated 
^^ith LAP. The stilbestrol and especially the 
L.AP and stilbestrol treated rats evidenced a 
degree of hjperplasia which ■n-as completely 
overshadowed by a marked congestion and 
edematous imbibition resulting in severe dis- 


ruption of the glandular structure. 

In the thymus there was nuclear pyknosis 
which appeared to parallel the degree of 
atroph3-. 

Discussion. Hv-pertrophv',^ ® loss of sudano- 
philic material"'® as well as depletion of cho- 
lesterol'®-’® and ascorbic acid’®"’^ followed b\' 

^Selyc, H., Brit. J. Exp. Palhot., 1936, 17, 234. 
® Teppornmn, J., Engel. F. L., and Long, C. X. 
H., Endocrinotogy, 1943, 32, 373. 

7 Dalton, A. J., Dosne, C., and Sclye, H., Anai. 
Bcc., 1940, Siijip!. 7C, 85. 

Szwcmcr, B. L., Am. J. Pathol., 1936, 12, 107. 
SDarrow, D. C., and Saraison, E. L., J. Clin. 
Jnrrst., 1944, 23, II. 

loPopjack, G., J. Path, and Bad., 1944, 50, 483. 
31 Levin, L,, Endocrinology, 194.3, 37, 34. 

12 Iiong, C. X. H., Bee. Progr. in Harm. Bcs. 
Proc. Laur. JInrm. Conf.. 1947. 3, 99. 
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a return of these substances to or above 
normal levels, have been repeatedly described 
as characteristic of the adrenal response to 
stress. The alterations in cholesterol, ascorbic 
acid and stainable lipids have been considered 
by Sayers and Sayers’® to closely parallel each 
other. Indeed the observation by these work- 
ers of a simultaneous decrease in cholesterol 
and sudanophilic material has prompted them 
to identify the latter with cholesterol esters. 
The present study shows that it is possible to 
dissociate the sudanophilia from the choles- 
terol content of the adrenal cortex. LAP, 
either alone or in conjunction with stilbestrol, 
decreases the cholesterol but increases the 
sudanophilia of the adrenal. This suggests 
that the sudanophilic substance of the cortex 
is probably not cholesterol. Earlier experi- 
ments’' have demonstrated that, under cer- 
tain conditions, purified ACTH can cause a 
similar dissociation. Finally it appears from 
the above data that LAP, given with stilbes- 
trol, markedly inhibits that loss of sudano- 
philic granules from the cortex which is 
characteristic of stilbestrol treatment. 

13 Torrance, C. C., J. Biol. Chem., 1940, 1S2, 
575. 

ii Harkins, H. H., and Long, C. N. H., Am. J. 
Physiol., 1945, 144, CGI. 

13 Sayers, G., and Sayers, it. A., Tsan-Ting 
Liang, and Long, C. N. H., Endocrinology, 1945, 
37, 96. 

IG Sayers, G., and Sayers, JL A., Bee. Progr. 
in Sorm. Bcs., Froc. Lanr. Sorm. Conf., 1948, 
3, 81. 

17 Constantinides, P., Portier, C., Skelton, F. E., 
Timiras, P., and Selye, H., in press. 


Further e.xperiments are under way to study 
the effects of purified corticotrophic prepara- 
tions on the adrenal changes elicited by non- 
specific stress. 

Summary. The adrenal cholesterol and 
ascorbic acid levels were studied in relation 
to the stainable lipids of the gland in rats 
treated with a lyophilized anterior pituitary 
preparation (LAP), given alone or in con- 
junction with a synthetic folliculoid (stilbes- 
trol) : 

1. In stilbestrol treated rats, an almost total 
depletion of stainable lipids was observed in 
conjunction with low cholesterol and ascorbic 
acid values. 

2. LAP caused accumulation of sudano- 
philic lipids in the adrenal cortex but signifi- 
cantly lowered the cholesterol and ascorbic 
acid levels. 

3. .4 similar dissociation of sudanophilic 
material from cholesterol and ascorbic acid, 
was even more evident when L.4P was admin- 
istered concurrently with stilbestrol. The ef- 
fect of stilbestrol on sudanophilia was coun- 
teracted by LAP. 

4. These obsen’ations show that the corti- 
cotrophic effect of folliculoids cannot be solely 
ascribed to the liberation of anterior pituitary 
corticotrophin such as is present in L.4P. 

Tills investigation was supported by a rescarcb 
grant from the National Heart Institute, U. S. 
Public Health Service. The authors gratefully 
acknowledge the histological assistance of Dr. P. 
S. Timiras and the technical help of K. Nielsen 
and M. Parent. 

Eeceived April 19, 1949. P.S.E.B.M., 1949, 71. 


17104. Effect of Various Drugs on Epinephrine-Induced Pulmonary Edema 
in Rabbits.* 


Clement A. Stone and Earl R. Loew. 

Prom the Department of Physiology, Boston Dnirersity School of Medicine. 


Large doses of epinephrine are known to 
cause a fulminating pulmonary edema in a 
number of species of animals.’-® Var^ 
Detroit, Mid.., suppled 
a grant in support of this investigation, as well as 
the adrenergic blocking drags employed. 


1 Meltzer, S. J., Am. Med., 1904, 8, 191. 

2 Emerson, H., Arch. Jnt. Med., 1909, 3, 308. 
SBovet. D., and Bovet-Nitti, F., Structure ct 
•tivitc pharmacodynamique dcs medicaments du 
stemc nerreux vegetatif, S. Karger, Bale, 1948, 
23. 
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workers have daitned, that atropine.’'''’ hN-p- 
noticE." tissue extracts," antihistaminics® and 
pituitrin" can diminish or prevent this edema 
formation. Furthermore, various adrenergic 
blocking drugs, as well as rasodilator drugs 
have been shonm to be capable of reducing the 
mortality which follows toxic doses of epin- 
ephrine in mice'" and rats."-'- A variety of 
explanations concerning the cause of pulmon- 
ary edema have been based, in part, on data 
relating to the effects of drugs on the toxicity 
of epinephrine. 

The drugs which have been reported to pro- 
tect against epinephrine-induced pulmonary 
edema vary widely in properties and several 
are relatively specific in action. If the claims 
made are true it would suggest that numer- 
ous mechanisms are involved in edema pro- 
duction or that the several protective drugs 
have a common property, which seems quite 
unlikely. Preliminari’ to studies aimed more 
directly at the elucidation of the mechanisms 
involved in the production of pulmonary 
edema and the control by drugs it was con- 
sidered advisable to re-examine the effects of 
some of these drugs on epinephrine-induced 
pulmonary edema under standardized experi- 
mental conditions. 

Method. Drugs were administered as in- 
dicated in Table I to male rabbits weighing 
between 2 and 3 kg prior to the intravenous 
injection, in 15 seconds, of 0.375 mg/kg of 
epinephrine (calculated as the base). The 
epinephrine solution employed (0.1%) was 

Auer, J., and Gates, P. L., J, Exit. Stetl., 1917, 

20 , 201 . 

0 B.ariety, M., and Kohler, D., Compt. rend. Soc. 
dc hiol., 1948, 142, 280. 

r.Luisada, A., Arch. A Exp. Path., 1928, 132, 
333. 

r Botvin, G., Compt. rend. Soc. dc hiol., 1929, 
101, 251. 

Halporii, B. K., HamlnirKcr, .T., and Cruehand, 
S., Acta aI!crgo!nffica,-19iS, 1, 97. 

!>Elkclcs, A., Brit. ,7. Endioh, 1948, 21, 472. 

U'Ucw, E. It., and Micctich, A., J. Phnrm. and 
Exp. T/icrnp., 1948, 93, 434. 

n Nickerson, M., and Goodman, L. S., .7. Plmrm. 
and Exp. TItcrap.. 1947, 89, 167. 

I- llotlilin, E.. Jlutl. dc I’Acod. Snis.<tc dcs Set. 
Med., 1940-47, 2, 1. 
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made b\' dissolving the base in saline with the 
addition of a few drops of HCl. Concentra- 
tions of other drugs in saline ivere adjusted so 
that a given dose was administered -in 0.5 
ml/kg. Control data were obtained concur- 
rently from animals receiving only epinephrine 
or no 'treatment whatsoever. Following the 
intravenous injection of epinephrine, the rab- 
bits were observed for 15 minutes, at which 
time, if surviving, they were sacrificed by a 
sharp blow on the head. All lungs were re- 
moved 10 minutes after death, freed of adher- 
ing tissue, blotted on absorbent paper and wet- 
weighed. The indication of effectively alter- 
ing the toxic response to epinephrine was the 
presence of a ■ statistically significant reduc- 
tion in lung weight and/or mortality from 
that of the controls receiving only epinephrine 
(Table I). 

Results and discussion. The lungs of 
epinephrine-treated rabbits were markedly 
hemorrhagic and edematous and weighed 
double that of normal lungs. A frothy fluid, 
usually uncolored but sometimes salmon 
colored, frequently completely filled the 
trachea and bronchi and appeared to account 
for the respiratory embarrassment, cyanosis 
arid asph3Lxial convulsions which preceded 
deatli. Fluid frequent!}" escaped from the 
nostrils and mouth during asphyxial convul- 
sions or when survivors were killed 1 5 minutes 
after injection of epinephrine. This fulmin- 
ating, severe pulmonary edema was probably 
thd main cause of death which occurred in 
3 to 15 minutes in 61% of the 18 control 
animals. .Pretreatment with a variety of 
drugs was instituted in attempts to prevent the 
edema. During each daily ex-periment several 
control rabbits and several rabbits treated with 
each drug were included, thus yielding data 
which could be pooled and compared (Table 

D- 

. Barbiturates. Luisada® reported that hyp- 
notics in general were capable of reducing the 
mortality and pulmonary edema induced with 
epinephrine in rabbits. He believed that such 
drugs protected by suppressing a central com- 
ponent of a contributory pulmonar)" vascular 
refle.x which was brought about by epinephrine 
or the resultant severe hypertension.® The 
results herein reported with pentobarbital in 


a near anesthetic dose and phenobarbital in a 
sedative dose do not support such a conten- 
tion. Neither of these barbiturates exerted 
any protective action under conditions which 
appear to be essentially identical to those de- 
scribed by Luisada. Phenobarbital actually 
caused a significant increase in lung weight 
and the data suggest an increased mortality. 

Antihislaminics. E.xperiments conduct^ 
by Staub'® indicate that epinephrine may 
cause the release of significant amounts of his- 
tamine in the body. If the toxic effects of 
large doses of epinephrine in rabbits are ac- 
centuated by histamine released from tissues, 
it would be e.xpected that pretreatment with 
antihistaminics would confer protection. 

The treatment with Pyranisamine (Neoan- 
tergan maleate'), a potent and specific anti- 
hislaminic did not prevent the increase of 
lung weight or reduce mortalitj" due to epi- 
nephrine (Table I). N-/S-Dimethylaminopro- 
pylthiodiphenidamine.HCl (Phenergan, 3277 
RP)1. administered intravenously likewise af- 
forded no protection, although larger doses in- 
jected subcutaneously reduced mortality but 
did not decrease pulmonary edema. This sug- 
gests tliat death in rabbits due to epinephrine 
is not attributable solely to pulmonary edema, 
or that undetected decreases in degree of 
edema were sufficient to reduce mortality. 

These data do not confirm the results re- 
ported by Halpern et al.^ who found that the 
same large doses of Phenergan under essential- 
ly the same experimental conditions complete- 
ly protected rabbits from the toxic effects of 
epinephrine. Reuse'^* using the same doses of 
Phenergan in guinea pigs, reported that this 
drug reduced mortality due to epinephrine, al- 
though the protection conferred by Phenergan • 
was not complete. He states that immediate- 
Ij" after epinephrine, the treated animals 
showed signs of respiratory embarrassment. 
While this suggests the presence of congestion 
and edema, no routine e.xamination of the 
lungs was made. However, the lung weights 
of 3 such animals were somewhat above nor- 

J3 Staub, II., Erperirntiu, 1940, 2, CO. 
f Supplierl lliroiigli tlie t-oiirlL's}- of Mcrrk 
Co., Railway, X, .1. 

n Reuse, .1. .1., row/)/, rnitt. Soc. <lr hiol., 3.94S, 
142, CSS. 



Antagonists of Experimentai, Pulmonary Edema 


125 


mal, even at 2 hours after epinephrine. 

Atropine. Various authors^-^ have claimed 
that atropine protects against epinephrine- 
induced pulmonary edema. Phenolic ethers 
of amino alcohols, possessing atropine-like 
properties as well as antihistamine and epi- 
nephrine blocking properties, are said to pro- 
tect.^ On the other hand, significant protec- 
tion by atropine has been denied 
Table I shov.'S that a large intravenous in- 
jection of atropine sulfate partially prevented 
to a significant degree the increase of lung 
weight. Mortality was not significantly de- 
creased probably because of the small num- 
ber of animals employed. However, doses 
less than 5.0 mgAg did not protect, and the 
dose necessary to confer protection was rela- 
tively large considering the potencj-^ of the 
agent. In addition, the protective effect of 
atropine is slight when compared to that pro- 
duced by the adrenergic blocking agents. 

Adrenergic blocking drugs. It has been 
shown that N-(2-bromoethyl)-N-ethyl-l-na- 
phthalenemethylamine.HBr (SY-28) is a po- 
tent adrenergic blocking agent?^®-*' as well as 
one of the most potent histamine antagonists 
knowm.'® .A closely related compound, N- 
(2-chloroethyl)-N-ethylbenzh3'drylamine.HCl 
(SY-2) is a specific adrenergic blocking 
agent.’* Both of these compounds, in com- 
paratively small doses, prevented death and 
pulmonary edema due to epinephrine in rab- 
bits, as is shown in Table I. It is empha- 
sized that these were the only drugs studied 
which completely protected the animals 
against the toxic effects of epinephrine. 

Other adrenergic blocking agents are capa- 
ble of reducing epinephrine-induced pulmon- 
ary edema. Rotblin’* recently reported that 
ergolamine had such properties. Dibenamine 
and various other derivatives of /3-chloroethyl- 
amine, benzyl-imidazoline (Priscol) and yo- 

Rotlilin. E., llcporl before Klcvenlb Inte rna- 
tioiinl Conejre.'ix of Militnrif MeetU'iiir anel Phetr- 
macij. Ba.slc, .Time 2-7, 1947. 

Jr. Lociv. E. R., iiiul Miccticli, A.. J. Pharm. anil 
Kip. Thcrap., 1948, 04 , 339. 

u Stone, C. A., and Ijoeiv, E. R., .T. Pharm. mift 
Kip. Thcrap., 3948, 04, S.TO. 

IS I,<icw. E. R., and Jticeticli, A.. Keel. Prnr., 
1947, O, 37,1. 


himbine, when given orally, reduced the toxi- 
city of epinephrine injected intraperitoneally 
in mice.’® E'nder these conditions, the diox- 
anes, 883F and 933F, were ineffective follow- 
ing moderate doses in mice,’® Presumably the 
protective action of most adrenergic blocking 
drugs in mice is due to the prevention of pul- 
monary edema since increased lung weights 
were readily demonstrable after epinephrine 
injection.’® 

We believe the data obtained from rabbits 
and herein presented and the findings reported 
■for mice,’® rats”-’-*’® and rabbits,® reveal 
clearly that pulmonary edema and mortality 
following epinephrine administration^ are most 
effectively reduced by vasodilator drugs which 
are physiological antagonists of epinephrine 
and by adrenergic blocking drugs which phar- 
macologically block excitatory actions of epi- 
nephrine such as vasoconstriction and the re- 
sultant hj^pertension. 

A more direct examination of the acute 
hypertensive action of epinephrine, and of 
the pressures within pulmonarj' vessels and of 
the effect of drugs thereon would appear to be 
the most promising approach to elucidation of 
factors involved in epinephrine-induced pul- 
monary edema. Hamilton, Woodburj’, and 
Vogt®® recorded pressure changes in the pul- 
monary artery and vein of the unanesthetized 
dog after large,’ but non-fatal, doses of epi- 
nephrine and observed a rise of pressure in 
both. They concluded that the increased pres- 
sures were due to failure of the left ventricle as 
a result of the high arterial pressure. Further- 
more, direct observations of the heart by Auer 
and Gates,’* Johnson,®’ and Barach, ct alp 
indicate that the left ventricle faik in the rab- 
bit as well. This suggests that a high pul- 
monarj' circulatory pressure prevails after tox- 
ic doses of epinephrine and could account for 
the rapid transudation of fluid into the lungs. 

Summary. I. Pulmonary edema and mortali- 
ty induced in rabbits by intravenous injections 

U' Cnpnblishcd obsorratioiis. 

20 Hamilton, TV. F., VToodbury, R. A., and Vopt, 
E., Am. J. Phrjsiol., 1938. 12.5, 130. 

2J .Tobnson, S., Proc. Foe. Exe. Biol, .axd Mr.o., 
1927-2S, 2.5, ISl. 

~ Baraoh, A. L., Martin, .T., and Ecknian, Af.. 
.dan. hit. Meet.. 1938, 12. 77,4. 
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of epinephrine were completely prevented b}' 
comparatively small doses of adrenergic block- 
ing drugs, N-(2-bromoethyl)-N-ethyl-l-naph- 
thalenemethylamine.HBr (SY-28) and jNr-(2- 
ehloroeChyl) - N - ethylbenzhydrylamine.HCl 
'(Sy-2). 

2. It would appear unlikely that epinephrine 
toxidt3' and the pulmonary edema involved 
are importantly related to histamine release 
from tissues since the antihistaminics, P,vran- 
isamine (Neoantergan maleate) and Phener- 
gan (3277 RP), failed to prevent edema al- 


though large subcutaneous doses of Phener- 
gan reduced mortality. 

3. The barbiturates, pentobarbital sodium 
and phenobarbital sodium did not decrease 
mortality or ^ema, 

4. The available evidence indicates that 
epinephrine to.vicity is most readily reduced 
by vasodilator drugs which represent physio- 
logical antagonists, and by adrenergic block- 
ing drugs which are pharmacological antagon- 
ists of epinephrine. 

Received April 10, 10-19. P.S.E.B.M., 1049, Tl. 


17105. Myelination of the Hypothalamus and Its Relation to Thermoregula- 
tion in the Hamster.*' 


A. R. Buchanan and R. M. Hill. 

Prom Ihe Beparimcnls of Anatomp nnS Biochcmistrij, Universilp of Cohmulo Medical Center, 

Denver, Colo. 


Correlation of the ability to regulate bodj'^ 
temperature in a cold environment with pro- 
gressive myelination of the hypothalamus has 
been previously demonstrated in albino rats.* 
The ability of rats to maintain body temper- 
ature is acquired at ages ranging between 18 
and 30 days. The earlier literature indicat- 
ing that function of fiber tracts in the central 
nervous system may be dependent upon mye- 
lination of their component nerve fibers was 
briefly reviewed in a previous report.^ 

In the present report the results of an in- 
vestigation of myelination in- the hypothala- 
mus of the hamster and the development of its 
ability to regulate against cold are presented. 
The investigation seemed indicated in view of 
the fact that hamsters are more immature at 
birth than rats. 

Methods and materials. Six litters of Syr- 
ian hamsters were used in the present study. 
Their body temperatures were recorded by 
means of a Brown electronic continuous record- 
ing potentiometer and copper-constantan ther- 
mopiles. The thermopiles were inserted into 

“Tsuroortetl liy « 

Eesearcli. ^ ^ 

lBucl,nnan, A. It., and Hili, R. 31., Pboc. Soc. 

Exp. Biol, and 3Ied., 1047, CG, C02. 


the colons of the animals to a depth of 4-S 
cm. Animals varying from 6-71 days of age 
were subjected to environmental temperatures 
of 5-8°C for periods varying from 30 minutes 
to 20 hours. After exposure tlie hamsters 
were anesthetized and perfused with 3^^% 
potassium dichromate followed by Regaud's 
solution. The brains were then removed, di- 
vided in the median sagittal plane and placed 
in 5% potassium dichromate where they re- 
mained for 10 days days at a temperature of 
37-39°C. After washing, dehydration, em- 
bedding, and sectioning at 20 p they were 
stained according to the method of Ulett, Dow, 
and Larsell.- Sections were made in the para- 
sagittal plane to permit study of all areas of 
the hjpothalamus (rostral, caudal and middle) 
in each section. Representative sections from 
the lateral hypothalami of ail members of a 
given litter were stained en masse and myelin 
was quantitated b}'- means of a Photovolt elec- 
tronic photometer as previously described.’ 
In only two instances, because of the difficul- 
ty in procuring large litters of hamsters, was 
a litter-mate control sacrificed uTth the es- 
perimental animals. 

2 Ulett, G., Dow, R. S., anti Enrsell, O., J. Comp. 
A'Piir., 1944, «0, 1. 
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Results. The first animal from the first lif- 
ter of hamsters studied was subjected to cold 
stress at 6 daj^s of age and the other members 
were successively stressed on the 13th, ISth, 
20th, 25th, and 32nd days. The duration of 
cold stress was 30 minutes. The fall in bodj'^ 
temperature of the first animal was approxi- 
mately 20°C. The older hamsters gradually 
improved in ability to regulate until the 32nd 
day when the temperature of the fast animal in 
the litter fell onlj’ 3“C. The concentration of 
myelin in the dorsolateral areas of the caudal 
hjpothalami, as determined photometrically, 
increased with age and reached its highest 
level in the 32-day animal. A parallel increase 
was evident in the myelin of the medullari' 
pyramids but the concentration was consid- 
erably higher than in the h%-pothalamus at all 
ages. 

The members of the second litter were cold- 
stressed for 30 minutes at ages ranging from 
12-36 days. Regulation was best in the 31- 
day animal in which hj-pothalamic myelin was 
also at its highest level. The same was true 
of Litter Xo. 3 which wa.s cold-stressed (30 
minutes) at ages ranging from lS-46 days. 
Deterioration in regulatory ability and some 
apparent decrease in myelin were obsen'ed in 
the 3 members of this litter over 31 days of 
age (Fig, 1).' 

Cold stress was continued for 2 hours in 
the fourth litter studied (Fig. 2). Body tem- 
peratures of these hamsters averaged approxi- 
mately I'C lower at the end of 2 hours in 
the cold room than at 30 minutes. Myelin 
reached its highest level in the 25- and oO-dai- 
animals and regulatory ability was best at 30 
days. Myelin appeared to decrease in ham- 
sters over 30 days of age and there was an 
associated deterioration of regulator}' abilitv 
which was most evident in the 55-day animal 
after 2 hours of exposure. 

There were 10 hamsters in the fifth litter 
studied which ma\' account for the fact that 
attainment of regulatory ability was somewhat 
delayed. Regulation was best at 42 days 
with myelin content of the caudal hjpothalami 
increasing rather rapidly from 18-42 days. 
Regulation in the 50-, 60-, and 71-day animals 
was only slightly less efficient than in the 
younger animals and was actually better after 
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Fjg. 1. 

Tcmpor.itnrc falls .after 30 iiiin. .it 5-S'C .nid 
myelin concentrations in the eandnl hypothalami 
of hamsters in Litter Xo. 3. 

8 hours of e.xposure to the cold environment 
than after 2 hours. Myelin concentration in. 
the hjpothalami of the 3 oldest members fluc- 
tuated between levels slightly above and 
slightly below that of the 42-day animal. 

The sixth and last litter also consisted of 10 
hamsters, the first of which (IS days) was 
not included in Fig, 3 since its temperature, 
after 2 hours of e.vposure, had dropped below- 
the range of available recording equipment. 
Regulation against cold was best at 44 daj-s at 
which time myelin in the caudal hj-pothalamus 
was also at its highest level. Litter-mate con- 
trols were sacrificed with the 40- and 59-day 
stressed animals of this litter and, in both 
instances, showed higher levels of myelin in 
their caudal hjpothalami Uian the stressed 
hamsters (Fig. 3). The 40-, 44-, 59-, and 
69-day animals were left in the cold room for 
9, II, 17. and 20 hours respectively; all main- 
tained their body temperatures at levels equal 
to or higher than those manifested after e.x- 
posure for 2 hours. 

Discussion. The experimental data which 
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Fia. 2. 

Temperature falls after 30 min. and 2 lir in tlie cold en- 
vironment and myelin concentrations in tlie caudal liypotlialami 
of hamsters in Litter No. 4. 


have been obtained from subjecting hamsters 
to an environmental temperature of 5-8°C in- 
dicate that their attainment of ability to regu- 
late against cold is considerably more delayed 
than in albino rats, or 32-44 days of age as 
compared to 18-30 days. This ivas to be ex- 
pected since the gestation period in hamsters 
is considerably shorter than in rats with the 
.result that hamsters are more immature at 
birth. 

The maintenance of body temperature by 
reasonably mature hamsters in an environment 
ranging between 5° and 8°C for periods of 20 
-hours or more is not surprising. Sexually 
mature hamsters over three months of age 
were .kept in an environmental temperature 
of 4° ± 2°C for periods of one or two months 
by Lyman® without appreciable reduction 
from normal of their body temperatures until 
they entered hibernation. Most of his ham- 
sters “entered hibernation uithin a month or 
two after being brought into the cold room”; 

SLjman, C. P., J. Fxp. Zool, 1948, 109, 55. 


during hibernation their temperatures were 
onl}^ about 1°C above that of the environ- 
ment. 

As is the case in rats,^ myelination, deter- 
mined photometrically, reaches its highest 
level in the caudal hypothalamus of the ham- 
ster at the age when regulator}^ function is 
established. This observation, in an addi- 
tional rodent, supports the hypothesis previ- 
ously advanced that the role of the h}TJothala- 
mus in thermoregulation is facilitated, at least 
in part, by myelination of the a.xons of hj^io- 
thalamic neurons. 

The observ’ation that myelin concentration 
in the hypothalamus is higher, according to 
our method of measurement, in unstressed 
than in stressed animals from the same litter 
and at the same age suggests mobilization or 
change in chemical composition of myelin as 
a part of the metabolic reaction to cold stress. 
TWs may be a more prominent feature in older 
animals in which the process of primary mye- 
lination is essentially complete and it may ac- 
count for the apparent tendenc}’ for myelin 
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Fig. 3. 

1 t’iii|jcr.'ituro falls after 30 iiiiii. and 2 hr in the cold environment aiul nivelin 
etmeentrations in tiie caudal hypothalami of hamsters in Litter Ko. C. ‘ The 
difrerenees_ between myelin concentrations in stressed and unstressed animals 
at 40 and o9 days of age arc also shown. 

lo decrease after reaching its highest level in 
hamsters and in the rats previously studied.* 

All ’the animals heretofore used in plotting 
myelin curves have been stressed animals, 
sacrificed immediately after removal from the 
cold environment. It is unlikely that the 
mild but consistent deterioration in regula- 
tor\' ability evident in the older animals (Fig. 

2 and 3) is directly related to the decrease in 
density of stained m\'elin in the hypothalami, 
but the possibility cannot be overlooked. 

Summary. Hamsters acquire the ability to 
effectively regulate their body temperatures in 


a cold environment (5° - S^C) at ages rang- 
ing from 30-44 days. Myelination in the dor- 
solateral areas of the caudal hj'pothalamus. as 
determined photometrically, reaches its height 
at the time thermoregulation becomes fully 
developed. It appears therefore that myelin- 
ation of hypothalamic neurons may be essen- 
tial to functional maturation of the hypothala- 
mus. The data with respect to hamsters are 
similar and lend support to those previously 
reported for albino rats. 


Received April 2G, 1949. P.S.E.B.II., 1949, 71. 
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17106. Effect of BAL on Experimental Polyarthritis of Rats.*" 

Grace- M. Gardner, De Lorez M. Fairley, and William C. Kuzell. 
(With the technical assistance of Pelagio S. Tabar.) 

From the Department of Pharmacolopy ami Therapeutics, Stanford Vniversilp School of 


Medicine, San 

BAL (2:3-dimercaptopropanol) is used in 
counteracting gold toxicity which appears oc- 
casionally during chrysotherapy of rheuma- 
toid arthritis in man. Experimental poly- 
arthritis of rats produced by the L-4 strain of 
a pleuropneumonia-like organism likewise re- 
sponds to gold therapy. Although the experi- 
mental disease in rats is pathologically not the 
same as rheumatoid arthritis in man it has 
been used as a means of making chemothera- 
peutic trials.^ 

The use of BAL in arthritic patients who 
are being treated at the same time with gold 
raises the possibility that the arthritis may be 
aggravated because the BAL would increase 
the e.vcretion of gold and so decrease the 
amount of gold available for the disease pro- 
cess.--® Since gold has a beneficial action in 
arthritis the use of a substance capable of 
facile combining with it might per sc aggravate 
the arthritis. To examine this possibility the 
effect of the administration of BAL on the 
experimental arthritis of rats, not treated with 
gold, was studied. 

Procedure. A total of 41 male and 49 fe- 
male rats were given a total cumulative dose 
of 90 to 100 mg per kg body weight of BAL 
intramuscularly during a period of 6 weeks. 
For the first 5 days of the e.xperiment 5 mg 
per kg of BAL (diluted in olive oil) was ad- 
ministered twice daily. Thereafter, the same 
dose was given twice weekly for S weeks. 

On the second day of BAL injection the 
rats received 2.0 cc of a broth culture of the 
L-4 strain of pleuropneumonia-like organism 

» This work was done in part under contract 
with the Office of Naval Eesearch, TJ. S. Navy De- 
partment, and supported, in part, hy the Stern 
Fund for Experimental Arthritis. 

1 Tripi, H. B., and Knzell, W. C., Stanford Med. 
Bull., 1947, 5, 9S. 

2 Macleod, J. G., Ann. Bhcim. Bis., 1947, 7, 143. 

3 Kuzell, W. C., Paishury, P. L., and Gellert, 
S. A., Stanford Med. Bull., 1947, 5, 197. 


Francisco, Calif. 

intraperitoneally. The organisms were cul- 
tured according to a method described by Tri- 
pi and Kuzell.^ Evaluation of the arthritic 
involvement was made by using a modification 
of the arthrogram described by Sabin and 
Warren.'* This consists of a scoring square 
divided into 4 quarters. Each quarter repre-' 
sents one leg of the rat. Arthritis is noted by 
blacking out various portions of the square. 
A means of scoring these arthrograms accord- 
ing to the degree and e.xtent of rat polyarthri- 
tis has been described elsewhere.-'"' 'The arthro- 
gram score is based on a possible score of 4 
for a front leg and 5 for a hind leg, giving 
a maximum score of 18 for the animal. 

A total of 37 male and 43 female rats was 
used as controls and received onl}- the pleuro- 
pneumonia-like organism intraperitoneally. ' 
•Ten rats injected with olive oil alone in com- 
parable dosage showed no difference from 
these controls. There was no demonstrable 
change in growth of pleuropneumonia-like or- 
ganisms in brotli cultures in vilro to whicli 
pure BALf had been added in concentrations 
of from 0.0007 to 0.2 mg per cc. Infected 
broth cultures containing BAL in a concen- 
tration of 0.2 mg per cc were injected intra- 
peritoneally into rats and the typical arthritis 
was produced. Increasing the concentration 
of BAL in the broth cultures beyond 0.2 mg 
per cc inhibited the growth of the microorgan- 
ism. Five rats (average weight 60 g) were 
given 5 mg per kg of BAL intramuscularly 
twice daily for 5 days and thereafter Price 
w-eekly for 5 weeks. These rats were compared 
with similar untreated controls regarding 
weight gain. There was no demonstrable dif- 

* Sabin, A. B., and Warren, J., .7. Bact., 1940, 
40, S23. 

5 Trip!, H. B., G.-irdncr, G. M., and Kuzell, 

Vi. C., Peoc. Soo. E-Xt. Bion. a.vd Men., 1949, 70, 

45. 

t Supplied by Hynson, W'osfcoft aud Dunning, 
Inc., Baltimore, Md. 
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TABLE!. 


Effect of Bi\h on Incidence and Extent of Arthritis and on Survival Kate of Infected Animals. 



Arthritis 



' 

Extent 



Incidence, 

(Arthrogram 

Survival, 


Fo 

Avg) 

% 

B.AL -b pleuropneumonia infection 

73 

2.8G 

89 

Pleuropneumonia infection only 

55 

1.83. 

95 


The standard error of difference in incidence of arthritis is 7.3 % while the observed differ- 
ence is 189c> so that the chance occurrence of the observed difference is 1:80. 


ference in weight between these groups, thus 
indicating that the BAL had little general 
toxic effect on the rats. 

Results. The arthrogram scores given in 
Table I compare the average arthritic involve- 
ment in the group receiving both BAL and 
the infection with that receiving the infection 
only. The extent of the average arthritic in- 
volvement in the individual animals receiv- 
ing B.AL is greater than in the infected con- 
trols. The survival rate is slightlj' less in 
the group receiving B.\L. The incidence of 
arthritis is greater in the B.AL medicated 
group. 

Discussion. These results indicate that the 
administration of B.AL increases the severitj' 
of an e.vperimental arthritic process. Such a 
difference might be attributable to the general 
toxic effects of B.AL rather than to direct en- 
hancement of the growtli of the infecting or- 
ganism, but our failure to show a difference 
in weight between animals given B.AL alone 
and untreated controls argues against this pos- 
sibility. Peters ct al. found that LD.^ from the 
subcutaneous administration of B.AL in oil 
to rats was 110 mg per kg body weight.® 
Waters and Stock' reported the .American 
Reference Standard LD^o to be 105 mg per 
kg intramuscularly in rats. It would, there- 
fore, appear that single doses of 5 mg per kg 
would not be e.xpected to produce appreciable 
toxicity. The question then arises as to 
whether the slight toxic effects produced bv 
low doses could increase the severity of the 
arthritis. This does not seem likely, since 
it has been found that other toxic substances 
such as Q.l<yo sodium phenobarbital, 0.01% 

’1 etcr.o, R, .v., Stocken, L. A., and Tliompson, 
150, CIC. 

Science, 1945, 


arsenic trioxide, or 0.1% isopropyl alcohol 
in the drinking water for prolonged periods 
caused no increase in the severity of this ex- 
perimental polj'arthritis of rats.® 

It is possible that B.AL in low concentra- 
tion might stimulate growth of the pleuro- 
pneumonia-like microorganisms and thus in- 
crease the severity of the arthritis. Fildes 
and Richardson®'^® have shown that Staphylo- 
coccus aureus is able to utilize some mercapto 
compounds as a source of sulphur and, in fact, 
that sulfhydryl compounds are essential me- 
tabolites for many cells. Thus, if lack of sulf- 
hj'dnd groups prevents the metabolism of bac- 
terial cells it is possible that an abundance of 
these SH groups as furnished by B.AL might 
actually stimulate the microorganisms in vivo. 

Conclusions. B.AL(2 :3-dimercaptopropan- 
ol), administered to rats with polyarthritis 
produced by infection with L-4 strain of pleu- 
ropneumonia-like microorganism, causes a sig- 
nificant increase in incidence of arthritis, a 
more extensive type of joint involvement, and 
a slightly decreased rate of survival. Con- 
centrations of B.AL up to 0.2 mg per cc of 
broth failed to inhibit or to increase the growth 
of pleuropneumonia-like organisms in vitro. It 
is suggested that B.AL in the low concentra- 
tions used in vivo may act b\^ furnishing sulf- 
hydrjd groups needed in the metabolism of 
the microorganisms, and thus aggravate the 
polyarthritis, rather than by poisoning the 
animals and thus reducing their resistance to 
the infection. 


a Tripi, H. B., Euzell, tt . C., and Gardner, 
G. M., Ann. Hhcum. Pis., in press, June 1949. 

iTUdes, P., and Kicliardson, G. it., Brit. ,T. Exp. 
Path., 1937, 18, 292. 

wpildcs, P., Brit. J. Exp. Path., 1940, 21, 07. 
Received .Vpril 13, 19^ p's.E.B.lI., 1949, 71. 



17107 P. Pyrogenicity of Influenza Virus in Rabbits/ 


Ivan L. Bennett, Jr., Robert R. Wagner, and Virgil S. Require. 
(Introduced by J. Sendroy Jr.) 


From the Naval Medical Research InstHiiie, 

During an investigation of the toxicity of 
influenza virus in rabbits, it was noted that 
the intravenous injection of infected chorio- 
allantoic fluid was followed by fever. To 
study this phenomenon, animals were placed 
in individual stalls, 3 preliminary rectal 
temperatures were taken at 30-minute inter- 
vals to establish a baseline, and the virus 
preparation to be tested was then injected 
into the marginal ear-vein. Rectal tempera- 
tures were recorded every 30 minutes through- 
out an observation period of 6 hours after 
injection. All glassware and saline solutions 
used were uncontaminated with bacterial pyro- 
gens. ’A single pooTof chorio-allantoic fluid 
from embryos infected with the PR-8 strain, 
having a hemagglutinin titer of 1:1024,^ was 
used. 

One ml of this material consistently caused 
a rise in temperature beginning 1 to 2 hours 
after injection, reaching a peak of 3-4 °F 
above the baseline in the next 4 hours, and 
gradually falling to normal. Although doses 
as small as 0.02 S ml produced fever, the in- 
creases in temperature were of a lower order. 

Normal chorio-allantoic fluid and infected 
fluid from which the virus particles had been 
removed by centrifugation at 30,000 R.P.M. 
or by adsorption on chicken erythrocytes gave 
no fever. The virus resuspended in normal 
saline solution produced typical temperature 
elevations. 

No fever followed the injection of PR-8 
virus neutralized ivith homologous immune 
serum. 

The febrile response in rabbits is inde- 
pendent of the infectivity of the virus but 
seems to be related to its adsorptive capacity. 
Heating at S6°C for 30 minutes destroyed 
the infectivity of PR-8 for chick embryos but 

* Tlie opinions expressed are those of tlie authors 
alone and do not necessarily reflect those of the 
Navy Department or the naval service at large. 

1 Salk, J. E., J. Immunol., 1944, 49, 87. 


National Naval Medical Center, Rcthcsda, Md. 

a portion of the hemagglutinin was retained 
(1024 to 128) ; this material produced definite 
fever in rabbits. Heating at 62 °C for 30 
minutes destroyed the hemagglutinin titer 
and these preparations were then non-pyro- 
genic. 

The injection of the Lee strain of influenza 
B virus produced a fever in rabbits similar to 
that caused by PR-8. The hemagglutinin of 
Lee is knoivn to be more heat-resistant than 
that of PR-8." When the Lee strain was 
heated at 62°C for 30 minutes it retained 
adsorptive (1024 to 2S6) and pyrogenic 
. properties. Exposure to temperatures which 
destroyed the hemagglutinin rendered the 
Lee strain non-pyrogenic. 

It has been shown that rabbits given a 
course of daily injections of a bacterial pyro- 
gen become tolerant to the fever-producing ' 
effect of that pyrogen and those of other 
bacterial strains.® Animals made tolerant by 
eight daily, injections of 0.1 ml typhoid vaccine 
responded noth typical fe.vers when given 
PR-8 on the ninth day, demonstrating tliat no 
cross-tolerance existed. The heat stability of 
bacterial pyrogens, which are not destroyed 
by boiling,'* is also in contrast to the lower 
temperatures at which the fever-producing 
principle of influenza is destroj’^ed. 

Animals which had received 1.0 ml of PR-S 
virus on the first day with attendant febrile 
responses were completel}’^ tolerant to the 
effect of an equal dose on the second day, 
when no temperature rise occurred. Nine 
animals given 1.0 ml of PR-8 were re-injected 
in groups of three on the fourth, seventh, and 
eleventh days and their temperature responses 
recorded. As seen in Pig. 1, the responsive- 
ness to the fever-producing effect of the virus 
gradually returned so that by the eleventh day, 

2 Salk, J. E., Pkoc. Soc. E.vi’. Biol. .an'O -’'Iev-, 
1940, 03, 134. 

3 Beeson, P. B., J. Rxp. Med., 3947, SO, 20. 

4 Banks, H. >1., Am. J. Clin. Path., 1034, 4, 200. 
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Fib. 1. 

Avernge temperature responses of groups of rabbits to PR-8 influenza virus on 
flay 1 and to a single in.ieetion repeated at intervals after tbo initial infection. Note 
tlic complete unre3i)0usivcness on day 2 and the increase in fever tbrougli day 11. 


their fevers approached first-day levels. Anti- 
body titers (as measured by hemagglutination 
inhibition) of these animals showed increasing 
levels during this period when tolerance was 
being lost. Thus, there is evidence that the 
resistance to the pyrogenic effect of the virus 
is unrelated to specific antibod}’’ production, 
although as pointed out above, virus neutra- 
lized with immune serum before injection 
causes no fever. 

The observation of Harris and Henle^ that 


an injection of influenza virus will cause 
lymphopenia in rabbits was confirmed, but 
this effect on tlie lymphocytes was not seen on 
the second day. By the eleventh day, the 
lymphopenia, like the febrile response, again 
approached that following the first injection. 

r> Harris, S., and Hejile, W., J. Immunol., 1948, 
58. 9. 
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17108. Biologic Absorption of Insolubilized Gelatin Films. 

John T. Correli. and John C. Vanderpoel. (Introduced by M. H. Kuizenga.) 

From the Fcsearcli Lahoraiories, The Vpjohn Company, Kalamarnn, Mich. - 


Our e.x’perience in preparing absorbable 
hemostatic sponges from gelatin^-- encouraged 
us to investigate the possibility of developing 
a gelatin film that might also be clinically use- 
ful. During the course of our studies Bing® 
reported his observations using gelatin sponge 
at the end of which paper he mentionel with- 
out elaboration an incomplete study involv- 
ing a gelatin film preparation. 

The purpose of this report is to submit the 
data we have obtained from' studying the hi 
vitro water solubility .and enzymatic digestion 
and in vivo biologic absorption of uniquely 
prepared gelatin films. 

Several materials, both absorbable and 
nonabsorbable, have been employed in surgery 
as films. Brown, et al.^ in their report on the 
use of polythene film mentioned most of these 
and noted the limitations of each. Oppen- 
heimer’s® report suggests that nonabsorbable 
substances must be obsen^ed for a sufficient 
period to assure that they are not carcinogenic 
since these investigators noted that cellophane 
implants induced sarcomas in rats after re- 
maining in situ more than 1 1 months. 

Materials and Methods. Films were pre- 
pared from commercial pigskin gelatin. To 
remove cations each 100 g of raw, ground 
gelatin was eluted for 2 hours with one liter 
of cold (S°C) M/128 glacial acetic acid; 
the acid was dranm off and the gelatin mass 
washed several times with cold double distilled 
water. 

Usually 5fo solutions were prepared from 
this washed gelatin. To these were either 


1 Correli, J. T., and yv'isc, E, C., Proc. Soc. Exp. 
Bioi-, AND jVlED., 19t5, 58, 233. 

2 Correli, J. T., Prentice, H, E., and Wise, E. C., 
Sury. Gynec. and Ohst., 1945, 81, 585. 

s Bing, J., -licta Fharmucol. and Toxicol., 1947, 

^'iBrorvn, H., Grindlay, J. H.. and Craig, W. 
JtcK. Sury. Gynec. nnd Ohst., 1948, 80, 663. 

5 Oppenl.eimer, B. S., Oppenlieimer, E. T., and 
Stout, A. P., Pr-oc. Soc. Exp. Biou and JIed., 
1947, 07, 33. 


added nothing or various small quantities of 
U.S.P. formalin. The mixture was incubated 
at 37°C for 2 hours after which films were 
cast, dried on stainless steel plates under con- 
trolled humidity and heated at 140°C for 
different lengths of time. The investigations 
which are reported here were carried out on 
films that were approximately .003 inch thick. 
Films of such light weight, even when dry, 
are remarkably pliable and only break when 
folded sharply. 

To obtain sterile preparations, when desired, 
the gelatin films were subjected to routine dry 
heat (140°C for 4 hours) sterilization in ac- 
cordance ivith the official U.S.P. method.® 

Three criteria were employed to establish 
to what degree a given- treatment had altered 
the gelatin molecule yielding films with varj'- 
ing physical and biologic characteristics. 

•The first of these was the tendency of the 
film to go into water solution. To uniform 
quantities of film was added an appropriate 
volume of distilled water which stood on the 
gelatin at room temperature overnight. The 
next morning the solution was heated on a 
steam bath with occasional stirring and the 
films observed until dissolved or for at least 
24 hours. 

In another test the time for in vitro diges- 
tion^ of films by pepsin was determined. To 
pieces weighing ISO mg was added 100 cc 
of a 1% U.S.P. pepsin solution. The con- 
tainers were placed in a water bath held at 
37^C and mechanically agitated; the time was 
noted when the last fragment had been 
digested. 

Finally biologic absorption and possible 
reaction were investigated by implanting 
pieces that weighed roughly 15 mg (ca. 10 x 
12 mm) usually in muscle layers, in the legs 
of rats using a technique similar to one that 
has been prernously- described. Sixteen albino 
rats weighing around 300 g were prepared in 

each series. 

Odrtcenth 

rcrision. Mack Publishing Co., Easton, J947. 
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TABLE I. 

In viiro and in 'vivo Evaluations of Absorbable Gelatin Films. 


Film prcpnr.ition 

Response in Proteolytic 

hot water digestion time 


No. 

Trc.itnieiit 

Biologic nhsorption 

B-98-1 

Untrc.ited 

In solution in 1 to 2 min. Film soluble 

Gone in less than 24 hrs. 

B-9S-2 

Heated 2 lirs 

In solution in 7 to 8 hrs. 70 to 80 min. 


B-9S-3 

Hc.itcd 4 Iirs 

Disintegrated into frag- to 2 hrs. 

nients in 24 hrs. . _ 

Gelatinous in 1 day; gone 
in 4 days 

B.93-1 

.0397 formalin; 
not heated 

In solution in 30 min. 40 min. 


B-93-2 

.03% formalin; 
heated 4 hrs 

^luch swelling; no 'solu- 2 to 4 hrs. 
tion in 24 hrs. 


B-93-3 

.03% formalin; 

Some swelling; no solu- 5 to S hrs. 

Gelatinous in 2 weeks; gone 


liented S hrs 

tion in 24 hrs. 

in 7 to S weeks 

B-97-1 

.00% formalin; 
not heated 

In solution in 25 min. GO to SO min. 


B-97-2 

.00% formalin; 

Some swelling; no solu- 5 to S Iirs. 

Gelatinous in 2 weeks ; gone 


heated 4 hrs 

tion in 24 hrs. 

in 7 to S weeks 


Results. The data obtained from se%'eral 
different investigations have been organized 
into a single table (Table I) for presentation. 
\^alues are reported in ranges to indicate that 
the tests cannot be reproduced absolutel.v from 
one experiment to the next, but that they do 
indicate direction. Thus it can be predicted 
that a film which wll finally go into solution 
in water in 7 to 8 hours (B-98-2) will be 
digested by pepsin more rapidly than a film 
which only swells and will not dissolve in 
water (B-93'2). 

It is our experience also that insolubilized 
films with short enzj-matic digestion times 
(B-98-I, B-98-3) n-ill soften and be resorbed 
in the body at a faster rate than those with 
appreciablj’^ longer (B-93-3, B-97-2) in vitro 
times. 

Enzj’matic digestion times and biologic 
absorption do not, however, have a straight 
line relationship. For we have obsers-ed with 
gelatin films, as IMorrison and Singer have 
previously noted with fibrin films,’ that varia- 
tions in the mode of preparation may result in 
greatly prolonged in vitro digestion times with 
inconsiderable if an\' variation in the observed 
in vivo resorption. In e.\periments not re- 
corded in the table we have prepared insolubil- 
ized gelatin preparations which remained un- 
digested by pepsin after 24 hours yet were 

■ Morrison, 1’. E., and Singer, M., J. CJin. In- 
vest., lCl-17, 26, 920. 


absorbed biological!}’ in periods of time only 
slightly longer than films which were insolu- 
bilized to a lesser degree according to their 
in vitro characteristics. 

Resistance to water solubility was imparted 
to the film by hot air heating of the dried film 
(B-9S-2, B-9S-3) or by the addition of 
minute quantities of formalin (B'93-1, 
B-97-] ) to the original solution. A combina- 
tion of the two techniques resulted in a 
greater degree of insolubilizing (B-93-2, 
B-93-3, B-97-2). From the table it can be 
seen that, generally, the more intensive the 
treatment by either or both of the methods the 
more altered the film according to the tests 
that were applied. 

Biologic implants of films that had in vitro 
proteolytic digestion times of less than 4 hours 
softened in the muscle tissue rapidly and no 
residue could be detected upon gross inspection 
by the fourth day (B-9S-3). 

Because it seemed likely that such films 
would be clinically impractical, preparations 
were made that were more resistant to in vitro 
digestion. In vivo these were found to with- 
stand undue disintegration for 8 to 10 days, 
to be gelatinous in about 2 weeks and be 
absorbed in 7 to 8 weeks (B-93-3, B-97-2). 

In the series in which gelatin film B-98-3 
was implanted in the left thigh muscles a com- 
parable piece of regenerated cellulose (Du 
Pont cellophane No. 600 PT) was implanted 
in the same area in the right side. On inspec- 
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tion as long as 11 weeks after implantation the 
cellophane was readily located encapsulated in 
a thin membranous envelope; it showed no 
evidence of disintegration or resorption. 
Lowry® reported a tendency of certain cello- 
phane films which he studied to be absorbed. 
In the studies of Oppenheimer et al.^ the 
regenerated cellulose which they implanted 
was unabsorbed over a period of 11 months 
or more.** 

In addition to the gross observations which 
are recorded here, specimens of the implant 
areas were fi.xed and submitted for histologic 
e.xamination ; the results of the histologic read- 
ings will be reported in detail in another 
paper. Since the properties of water insoluble 
gelatin film suggested that it might have 
clinical utility wherever an absorbable mem- 
brane is indicated, this possibility is being 
independently investigated in several surgical 
research laboratories. 

s Lowry, jM. L., Arc)i. Sitrg., 1946, 52, 160. 

0 Oppejilieimer, B. S., personali comniunication, 
November 1948. 


Summary. The preparation and properties 
of gelatin films, which resisted water solu- 
tion in varying degrees, have been described. 

These films, although water insoluble, have 
been shown to be digested in different lengths 
of time when subjected to proteolytic enzymes 
/// vitro in a standardized assay. 

Some of the altered gelatin films were im- 
planted into muscle areas of albino rats. 
Upon visual inspection they were found to be 
absorbed at the recorded intervals, with no 
evidence of untoward tissue reaction. The 
data indicate that the biologic absorption 
time can be roughly predicted from in vitro 
digestion results; as the in vitro times become 
greatly prolonged, however, a comparable 
resistance to biologic absorption is not seen. 

Cellophane implants were not absorbed but 
at the eleventh week were encapsulated in a 
thin membranous capsule. 

The authors are grateful to Margaret Borst for 
her assistance in fliis work. 

Eeceived March 21, 1949. P.S.E.B.M., 1949, 71. 


17109. Sodium Acetate as a Source of Fixed Base.* 


Gilbert H. Mudge,^ Jajies A. Manning, and Alfred Gilman. • 

From the Departments of Medicine and Pharmacology, College of Physicians and Surgeons, 
Columbia University, and the Presbyterian Hospital, Hew Tori- City. 


Recent studies' have shown that acetic acid 
is an extremely rapidly oxidized product of 
the intermediary metabolism of both carbo- 
hydrate and fat.^ From the large turnover of 
acetate in the normal metabolic processes of 
the body, it is obvious that sodium acetate 
should serve as a rapidly available source of 
fixed base. Using the change of serum CO 2 
content as an index of the presumptive rate of 
oxidation of the acetate ion, studies were per- 
formed in dogs and in man to define the 
usefulness of sodium acetate as a source of 

■ fixed base. 

“Aided in part by* a griun from the United 
States Public Health Service. 

t N.ational Beso.arch Council Pellow. 

J Bloch, K., Physiol. Pev., 1947, 37, 574. 


Procedure and residts. Dogs, anesthetized 
with pentobarbital, were infused intravenoush'' 
with a solution of 1/6 molar sodium acetate, 
the total amount administered being IS mEq 
per kg of bod}'^ w'eight. Blood specimens were 
taken under oil at intervals of 15 minutes or 
longer, and serum COo was determined by the 
manometric method of van Sli^ke. Studies on 
8 dogs yielded uniform results and showed a 
rapid rise in COj content. The observ'ations 
from 5 e.x'periments with similar rates of in- 
fusion are given in Table I. IVithin 15 min- 
utes after starting the sodium acetate infusion 
the Serum CO 2 showed a prompt elevation and 
continued to rise during the infusion, level- 
ing off in the afterperiod without further 
significant change. Infusion of the .same 
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TABLE I. 


EfftH'f of Sodium Aectafo Infusion on Serum COo Content in tlic Pog. 


Dog 

Dumtion of infusion (min.) 
Time after starting 
infusion (min.) 

A 

75 

B 

75 

C D_ 

55 65 

Serum COo volumes 9 

E 

60 

f- 

Avg 

66 

r 




0 

51.5 

51.0 

53.7 

56.2 

52.4 

53.0 

15 

60.4 

62.4 

64.8 

68.7 

64.1 

64.1 

•lO 

74.1 

75.0 

S2.0 

80.2 

75,6 

79.4 

GO 

S8.S 

S0.3 

92.6 

99.8 

99.2 

93.9 

It'O 

07.0 

97.1 

100.2 

105.8 

102.2 

100.5 

180 

07.0 

98.1 

104.1 

107.4 

102.1 

101.7 

240 

— 

9S.S 

104.0 

106.8 

102.0 

102.9 


quantity of sodium acetate twice as quickly 
promoted a rise which was less marked, thus 
suggesting that the renal threshold for acetate 
had been e.xceeded. Because of the reported 
vasodilator action of acetate,- blood pressures 
and electrocardiograms were taken, but no 
changes or abnormalities were noted with the 
doses employed. 

Solutions of 1/6 molar sodium acetate were 
prepared and autoclaved in the routine man- 
ner for use in patients. Normal adult sub- 
jects and patients with renal acidosis were 
studied in the fasting state. Infusions of 1 
liter were given irithin a one hour period. The 
average dosage, uncorrected for differences in 
weight of patients, was 2.8 mEq per kg of ^ 
body weight, appro.xiniatelj' one-fifth of the ^ 
amount given per kg to the dogs. No attempt ^ 
was made to define the upper limit of tolerance 
in human subjects. The amounts used satis- S 
fy reasonable clinical requirements. Blood ^ 
pressures and pulse rates were determined at q 
frequent interv'als and no significant changes > 
were noted, nor were anj^ subjective symp- nj 
toms or oUier evidence of toxicity obser\’ed. ® 
The results of the serum analyses are shown 
in Fig. 1. The rapid rise of serum CO 2 was s 
evident within 15 minutes and the rise con- g 
tinned progressiveh'. E.xcept in 2 subjects, ju 
there was no further increase in serum CO; 
after termination of Uie infusion. The data 
have been presented without correction for 
body weight, body water or renal excretion, 
and although small variations could be ac- 
counted for by these factors, it is evident that 
•acetate is r.apidly metabolized with the re- 

- Biiucr, W., , -111(1 JticlKirrls, 1 ). W., .Ir. 

I'lii/sini, io:;s, «(i, .an. 


lease of fixed base. Three subjects were given 
one liter of 1/6 molar sodium bicarbonate in 
one hour as a control study. As seen in Fig. 1, 
the rate of increase in serum CO 2 content w'as 
essentially the same for the sodium bicarbon- 
ate infusion as it was for the sodium acetate, 
indicating, within the limits of the methodolo- 
gy employed, that there ivas an almost instan- 
taneous utilization of the acetate. In 3 pa- 
tients the urine became sharply alkaline fol- 



Fig, 1. 

Ooiiiii.-irison of effect of sodium .acet.oto .uid 
sodium Iiic.-irbonote infusions on serum CO., con- 
tent in man. 
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lowing the infusion of the sodium acetate. 

DisaissiotJ. Sodium acetate affords a readily 
procurable and inexpensive source of fixed 
base, as rapidly and as completely available as 
sodium bicarbonate. Solutions are easily pre- 
pared, easily sterilized, and indefinitely stable. 
The pH of 5 different lots of sodium acetate 
made up in 1/6 molar concentration was found 
to vary from 7.6 to 8.0. We believe that the 
use of sodium acetate solutions is indicated in 
rapid parenteral alkalinization and should be 
useful in the therapy of most types of metabo- 
lic acidosis. However, we wish to emphasize 
that because the metabolism of acetate has not 
been specifically defined as to its possible ef- 
fect on ketone body production in diabetic 
acidosis, we have not used it to date in this 
condition. 

These studies have not revealed previously 


undescribed properties of sodium acetate. In- 
deed the salt has been recommended in stand- 
ard textbooks^''* as a source of fixed base, but 
its clinical use has been limited. The present 
observations demonstrate the rapid catabolism 
of acetate and emphasize certain practical ad- 
vantages which it possesses for clinical use. 

Summary. Studies in dogs and in man 
demonstrate that sodium acetate is an easily 
prepared and a rapidly available non-toxic 
source of fixed base suitable for parenteral 
administration when alkalinization is indi- 
cated. 

3 Goodm.in, !L,, and Gilman, A,, Tlie Pliarma- 
cological Basis of Therapeutics, The Macmillan 
Company, New York, 19A1. 

Sollmann, T., A Manual of Pliarmncology, 
W. B. Saunders Company, Philadelphia, 1948. 

Beceived April 4, 1949. P.S.B.B.M., 1949, 71. 


17110. A Method for Assay of Serum Proteolytic Activity.* 

G. R. DownieI and E. E. Cuffton.* (Introduced by Samuel C. Harvey.) 
From the Department of Surgery (Oncology), Tale University School of Medfci/ie. 


That blood contains an inactive precursor 
(plasminogen) which can be activated to form 
a proteolytic enzyme (plasmin) has been es- 
tablished.^'" Study of variations in this en- 
zyme have largely been on the basis of its 
fibrinob’tic properties. Using a method of 

* Aided hy a grant from the Ecckford Bcsearch 
Fund of the Yale University School of Medicine. 

t Fellow of Department of Surgery (Oncology), 
Yale University School of Medicine. 

t Senior Fellow, American Cancer Society, as 
recommended hy the Committee on Growth of the 
National Bcsearch Council. 

1 Christensen, L. B., and MacLeod, C. M., J. 
Gen. Fhysiol, 1945, 28, 559. 
a Christensen, L. B., if. Gen. Fhysiol., 1946, 30, 

149. 

3 Batnoff, 0. D., J. Fxp. Med., 1948, 88, 401. 

4 Delezenne, C., and Pozerski, E., Compt. rend. 

Sac. Dial., 1903, 53, 090. 

5 Kaplan, M. H., Tagnon, J. H., Davidson, 
C. S., and Taylor, F. H. L., d. Clin. Invest., 1942, 
04 533 

" oMilstone, H. J., J- Immunol, 1941, 42, 109. 


preparation outlined by Milstone,® we have 
been able to obtain from serum a plasmino- 
gen-containing fraction with consistent and re- 
producible activation in humans and dogs. 

Reagents and Materials. 1 . Streptokinase — 
the filtrate of a 24-hour culture of Group A, 
Type 11, Beta hemolytic streptococci, grown 
in beef heart infusion broth with 0.05% added 
dextrose. 

2. Protamine Sulphate ^ — a solution of pro- 
tamine sulphate in veronal buffer, 2 mg per 
ml. 

3. Veronal Buffer — pH 7.35® 

4. Acetic acid — distilled water mixture — 19 
volumes of distilled wafer plus 0.32 volumes of 
1% acetic acid. 

7 Ferguson, J. H., Travis, B. L., and Gerlieim, 
0. E., Proc. Soc. Exp. Biol, and Itm, 1947, 
<)4, 285. 

$ Eli Lilly .ond Company, Indianapoli-s, Ind. 

8 Clark, D. G. C., Cliftton, E. E., and Newton, 
B. L., Proc. Soc. Exp. Biol, akd Med., 1948, <10, 
270. 
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TABLE I. 

Sample Beading of Besults in %T and Tyrosine Produced After 2, C, and 24 Hours Incubation 
witli Streptokinase (S), Protamine (P), and Spontaneously (O) Activated Plasminogen. Con- 
trolled by Beagent Blanks ivitli 0.5 ml Yeronal Buffer Substituted for Plasminogen. 


Patient 

Activator 




Tyrosine — ing 

21ir 

Clir 

24 hr 

2 hr 

6 hr 

24 hr 

B.H. 

S 

79.5 

45 

0 

.148 

.230 

.905 


P 

91.S 

100 

59. G 

.026 

0 

.100 


0 

93 

93,S 

84.7 

.023 

.019 

.053 

H.H. 

s 

So 

47 

7.5 

.050 

.242 

.835 


p 

100 

90 

72 

0 

.033 

.105 


0 

90.4 

SS.5 

81 

.01 

.039 

.066 

J.S. 

s 

90.S 

8G.5 

61,5 

.03 

.045 

.155 


p 

94 

90 

58 

.018 

.033 

.175 


0 

95 

93.5 

65 

.015 

.02 

.138 

F.G. 

s 

5S.2 

24 

4.5 

.174 

.458 

1.0 


p 

82 

09 

40.5 

.063 

.118 

.245 


0 

S0.2 

74 

58.5 

.07 

.095 

.173 

H.C. 

s 

S9 

59 

1S.3 

.036 

.17 

.545 


p 

91.2 

87.5 

09.5 

.028 

.043 

.116 


0 

91.3 

89.5 

SO 

.027 

.035 

.048 

Beagent blanks 

s 



100 



0 


p 



97 



.008 


0 



100 



0 


5. Trichloracetic Acid (USP), 16% 

6. NaOH (Reagent grade), IX 

7. CojciH — a 5% solution, adjusted to a 
final pH of 7.35-7.45. 

8. Foliii-Ciocoltcau phenol reagent — diluted 
1:3 with distilled water. 

9. Serum — obtained from nonhemolyzed 
blood drawn under sterile conditions. 

Method. Plasminogen is prepared by adding 
1.5 ml serum to 28.5 ml acetic acid-distilled 
water mi.vture, inverting once to mi.t, and 
centrifuging at 2000 RPH for 15 minutes. The 
supernatant is discarded and the precipitate 
dissolved in 1.5 ml veronal buffer; 0.5 ml 
of this solution, containing plasminogen, 
is then added to each of tliree test tubes. To 
the first, 0.4 ml streptokinase and 0.1 ml buf- 
fer are added; to the second 0.5 ml protamine 
sulphate solution; and to the third, 0.5 ml 
buffer. 5 ml of casein solution are added to 
each tube, mi.ved by inversion, and a 2.5 ml 
aliquot taken immediately. 

5 ml trichloracetic acid are added to each 
aliquot, and the resulting coagulum is separat- 
ed from the sides of the tubes by thorough 
shaking. Each sample is filtered through 


Whatman No. 3 filter paper, and a 2.5 ml ali- 
quot of the filtrate is added to 5 ml of IN 
NaOH in a SO ml Erlenmeyer flask. 1.5 ml of 
diluted phenol reagent is added to each flask in 
turn as rapidly as possible, and the contents of 
the flasks are transferred to spectrophotome- 
tric cuvettes. E.vacth- ten minutes after phenol 
reagent is added to the first flask, ^e % 



FIG. I 

C.i)ibr.ition curve. Stan<l.ird trrosine solution 
in casein. 
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FIG. 2 

Graphs of results u-ith <luplie;itc samples of hlood of 3 pts. M:, G, and H 
A and B represent aliquots of each serum taken simultanenuslv and treated 
as individual sera. 

Spontaneous activity. 

Protamine activated. 

Streptokinase activated. 


transmittance of each sample is determined in 
turn in the Coleman Spectrophotometer, set 
at 675 mu. The original tubes are incubated 
for 24 hours at 37°C. 

The second .2.5 ml aliquot is taken after 
24 hours incubation at 37'’C, and color is de- 
veloped as described above. When the samples 
are read, the first aliquot acts as the “blank” 
for the second. A stock solution of a blue 
dye, T-1824, is prepared so that its optical 
density is greater than the optical densities of 
the first aliquots of the unknowns. In read- 
ing the first aliquots in the spectrophotometer, 
the color-producing agents already present in 
the digest mixtures are negated b}-^ setting the 
galvanometer index at 100% T, or 0 concen- 
tration. With this as a reference point, the 
%T of the dye is then taken for each sample. 
When the corresponding 24-hour sample is 
read, the dye, as the “blank”, is set at the 
T value obtained the day before, and the % 
T of the unknown is then read directly. 

Calculation. Standard amounts of tyrosine 
were added to 5 ml of casein solution, and 2.5 
ml aliquots were taken and treated as above. 
These were read against a similar aliquot of 
casein without added tyrosine. A calibration 
curve was prepared, so the % T of unknown 
samples can be expressed directly as mg of 


t 3 'rosine produced (Fig. 1, Table 1). 

Results and Discussion. Aliquots of sera 
tested after 2, 6 and 24 hours’ incubation 
showed steadily increasing amounts of tjTO- 
sine produced, and for experimental purposes 
the 24 hour period was chosen (Table I). Re- 
producibility was established by taking ali- 
quots of serum simultaneously and treating 
tliem as individual samples (Fig. 2). 

Demonstration of the activation of plasmin- 
ogen by streptokinase and the slow spontan- 


0,9- G.M F.F. DOC DOG E.C. 



FIG. 3 

Columnar graphs showing activation by strepfo- 
kiimsc (S), protamine (P), ami spontaneous acti- 
vation (0). 4 rciircsentntivo patients and ► clogs. 
Xote similarity of activation by agents in nogs as 
compared to Iiumans. 
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eous activation confirms previous studies of 
this relationship. The activation by prota- 
mine is definite, though in most instances not 
as great as is that by streptokinase (Fig. 3). 
This is at variance with the previous impres- 
sion that the fibrinolytic activity of prota- 
mine was due to inactivation of antifibrinoly- 
sin.’" In the present study protamine sul- 
phate (up to 1.2 mg/tube) failed to diminish 
antiproteoh-tic activity tested by the method 
previously reported.® 

10 Scroggie, A. E., Jaqucs, L. B.. Roclia e Silva, 
!M., Pp.oc. Soc. Exp. Biol, axd Med., 1947, CO, 32G. 


Dog sera differ from human in that their 
spontaneous activation is of the same order 
as the protamine and streptokinase activation 
(Fig. 3). 

Summary. A method for preparation of 
plasminogen from small quantities of blood 
has been described. Activation by strepto- 
kinase. protamine sulphate, and spontaneous 
activitj' have been observ'ed. Studies of other 
activators and of species differences are in 
progress. 

Received April 20, 1949. P.S.E.B.M., 1949, 71. 


17111. Automatic Measurement of Alveolar CO 2 in Small Animals. 


Kenneth A. Blinn and Werner K. Xoell. 

(Introduced by Albert W. Hetherington.) 

From the Department of y'enropeiichiatrp, VSAF School of Jvialion yfcdicinc, Fandolph 

Field, Texas 


The following paper will describe the appli- 
cation of an infra-red analyzer to alveolar car- 
bon dioxide studies in small animals such as 
the rabbit, where rapid respiration and small 
respiratorj' volumes piose severe problems. As 
reported elsewhere,^ this analyzer has been 
used successfully in measuring the alveolar 
CO2 tension in humans during hj-perventila- 
tion as it is performed in routine electroen- 
cephalography. The analyzer was developed 
for other purposes by Luft- and applied to 
CO2 measurement b\' Schmeiser.-'* It meas- 
ures the infrared absorption of one gas in a 
mixture by using a fixed quantity of the same 
kind of gas as a thermomechanical metering 
device. This method allows an analysis which 
is rapid enough to fulh’ record a change in 
CO2 tension in one-seventh of a second. Thus, 
in human studies, alveolar air sampling de- 
\nces are unnecessary, and a portion of the 
e.xpired air is drawn continuously through the 
analyzer. The latency of measurement then 
depends solely upon the speed of transport of 

iBUnn, K. A., :md Nocll, tV. K.. EEC, Clin, 
y citropltpsiol.. 1949, in press. 

-Luft. K., Z. f. Tech. Phys.. 1943, 24, 97. 

- Scliiucisor. K., unpublished work. 


this air through the test chamber. The only 
additional equipment required is a long e.x- 
piration lube to prevent dilution of the con- 
tinuous sample by outside air. The measured 
CO2 value after a certain expired volume can 
be safely regarded as the conventional “alveo- 
lar CO2 tension.’’ 

Fig. I illustrates the CO2 analyzer in simpli- 
fied form. A hot-wire infra-red source (S) 
projects a beam of infra-red through a trans- 
parent (mica) test cell (T) containing the air 
for CO2 analj'sis. The remaining infra-red 
is absorbed in a following chamber (A), one 
wall of which is a thin metal membrane. The 
temperature increase due to the absorption 
displaces the membrane by increasing the pres- 
sure, thus measuring the amount of infra-red 
reaching the chamber. If the chamber is filled 
with CO2, it becomes sensitive to only those 
wave lengths which the CO2 in the test cell 
absorbs. Thus, it is insensitive to any other 
gases appearing in the test cell. To balance 
the system, an identical arrangement (S', C, 
-V) is attached to the other side of the mem- 
brane, and the two sides “buck” each other. 
Displacements of the membrane are measured 
by utilizing it as one plate of a condenser and 
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TO VACUUM Pump 

Fig. 2. 

The alveolar gas sampling apparatus. The connections hetneen the electromagnetic valve, 
the tracheal cannula, and the analyccr test chamber are made as short as possible. 


measuring changes in electrical charge on. the 
condenser. To produce an alternating voltage 
for amplification, the two infra-red beams are 
simultaneously interrupted 7 times per second 
by a rotating shutter. After amplification the 
output of the analyzer can be recorded on any 
instrument, for example, an electroencephalo- 
graph. The output appears as a train of 7c/s 
waves, the amplitude of which is proportional 
to the COo concentration within limits de- 
termined by the thickness of the test cell. 

Respiration in humans, even during hyper- 
ventilation, is conveniently slow; but in small 


animals, such as the rabbit, it may be so rapid 
that the seven-per-second shutter frequency is 
proportionally too low, and the respirator)'- 
volume exchange becomes a critical factor. Un- 
fortunately, the shutter frequency can be in- 
creased only at the expense of a major part 
of the sensitivity. In these animals, the res- 
piratory rate may e.xceed 200/minute. There- 
fore, in order to obtain an undiluted alveolar 
sample in the test chamber, it was necessary 
to artificially lengthen a single expimtion 
whenever such a rate prevailed. Fig, 2 shows 
how this was managed. A tracheal cannula 
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>x* t»: 

Fig. 3. 

The electronic circuit for activating the valve. Bias is adjusted beyond ent-off ivitli 
K, is then advanced until tlie pilot light PL begins to extinguish at the peak of exi.iration. 
When the switch S is closed, the valve magnet is activated for a single sampling of predeter- 
mined duration. R-t varies the sampling duration from u. see. to 2 sec. Lj. L^, and L~ are 


10,000 ohm relays. 


■was used, tvith a side arm leading to the test 
chamber and suction pump. To obtnate dis- 
turbances of the respiratorj' rhythm and vagus 
effects, an automatic system tvas devised for 
briefly closing the cannula at the peak of the 
expiratory pressure curve. An electromag- 
netic valve closes the distal end of the tracheal 
cannula so that an alveolar sample is drawn 
through the analyzing chamber by the pump. 
The onset and duration of the closing are con- 
trolled electronically in the following manner; 
tracheal pressure fluctuations are transformed 
into voltage fluctuations by means of a tam- 
bour-operated shutter in front of a photo- 
elec-tric cell. The electrical fluctuations operate 
a series of relays (Fig. 3) in such a manner 
that when a sampling switch is closed, the 
electromagnetic valve closes at the peak of 
the next expiration and remains closed only 
for a preset length of time. 

Fig. 4 illustrates the result. The CO 2 is 
recorded on the electroencephalograph tape 
simultaneously with cortical potentials, the 
EKG, and the tracheal pressure. Each strip 
is about 12 seconds long. In the top ex- 
ample, the respiration rate is about 180/ 
minute, and the short groups of waves repre- 
sent the CO 2 concentrations over single expira- 
tions. The highest amplitude varies from one 
group to another because of the varying 
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Fio. 4. 

Ink-writer recordings illustr.ating alveolar CO-> 
mea.curenients in a r.abbit. From top to bottom* 
the tracings in each strip are: clectrocorticogram 
(are.a striata), EKG, CO; tension, and tracheal 
pressure. Description in *tlie text. The cortical 
activity is being driven by one-per-seeond photic 
stimulation. 
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amounts of alveolar air caught in the test 
chamber. The 3 long groups are samples 
taken automatically. It can be seen that such 
sampling was necessary at this respiration rate. 
During the sampling, the heart rate and elec- 
trocorticogram do not change, indicating that 
there w'ere no appreciable disturbances by va- 
gus reflexes. The next example shows a slower 
respiration of about 60/minute, and here it is 
obvious that the sampling was unnecessary. 
The COo concentration does not become any 
higher during prolongation of e.xpiration. The 
third e.xample demonstrates conditions under 
severe hypoxia, which was induced shortly 
after example 2. The alveolar CO^ has drop- 
ped considerably, and it remains low through- 
out the gasping period which follows until oxj^- 
gen is resupplied. The immediate increase to 
a very high COo concentration is shown in the 
last strip, which was recorded during post-an- 
oxic convulsions. Under the conditions of the 
last two examples, automatic sampling was 


proven unnecessary and even undesirable be- 
cause of increased vagus e.xcitability. When 
such a high excitability is combined with a 
high respiration rate, the described sampling 
method is not feasible. 

Summary. An infra-red COo analyzer 
having a measurement rate of seven 
analj'ses per second is described for continuous 
COo tension determination over the expiration 
time (or volume). The value recorded from 
the last portion of e.xpired air is regarded as 
“the alveolar COo tension” if a plateau has 
developed during expiration. Respiration' in 
small animals is often so rapid (relative to the 
measurement rate) that forced prolongation 
of a single expiration is necessarj’- in order to 
draw undiluted alveolar air into the anal3-zer. 
A simple method is described for accomplish- 
ing this by means of a valve whose closing is 
electronically initiated and timed. 

Received lil.ireli 28, P.S.E.B.M., 1940, 71. 


17112 P. Multiplication of the T3 Bacteriophage Against colt. 
Ralph W. G. Wyckoff. 

From ihe Laboratory of Physical Biology, Experivtenial Biology and Medicine Insiitntr, 
yaiional Inslitidcs of Health, Bethesda, Md, 


Steps in the development of new bacterio- 
phage particles from diseased bacteria are 
particularly well seen in electron micrographs 
of young and frequently transferred colon ba- 
cilli infected with the T2 strain of their bac- 
teriophage.^ Examination of such photographs 
has suggested that this bacteriophage is self- 
reproducing with a mode of multiplication that 
in some respects resembles that of coccoid bac- 
teria. An unforeseen result of these observa- 
tions has been the rapidity with which lysis, 
understood as rupture of the bacterial mem- 
brane appears after infection with bacterio- 
phage. It has usually been taken for granted 
thaUvhen a bacteriophage particle is adsorbed 
to a susceptible bacterium, it proliferates 
either at the surface or after penetrating the 
organism until, at the conclus ion of the multi- 

‘ 1 WyckofF. R'iihd., W. a, 64^ 


plication process, the cell bursts and frees the 
new particles that have been forming. Em- 
dence from the electron micrographs demon- 
strates that the membranes of jmung colon 
bacilli in a growing culture rupture soon after 
mixture of the cells with enough T2 par- 
ticles to disease them. On this basis the 
“burst interval” observed for these bacterio- 
phages is determined by the dispersal of new- 
ly formed bacteriophage from the disappearing 
protoplasmic mass in which it has been de- 
veloping. 

Further light upon this and other aspects 
of the multiplication of bacteriophage has now 
been obtained by investigating the l.vsis of 
young E. coU by the two different bacterio- 
phages, TI and T3. 

When a one-hour culture of the B strain of 
E. colt obtained by two or three transplants 
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Fio. 1. A colon bacillus Ivvsod through the action of T3 bnetcrioplmge. From a culture 
after o niimitcs incubation. The cell jneinbranc is at the right, the extruded granular 
}»rotu])lasnue contents at tlie left. Palladium sliadowing on this and the following tlirec 
preparations. Magnification, 10,007 X. 

Fig. '2. Particles of T3 phage developing within the protoplasm of a Ivsed colon 
bacillus. The emi^ty cell membrane is at the top of the picture. Magnification, 10,007 X. 

Fig. 3. A somewhat more advanced stage in the development of a mieroeolony of T3 
within protoplasm from a lysed bacterium. Magnification, 16,007 X. 

Fjg. 4. A still later stage of phage produotioji in which most of the cellular ])rotopIasin 
has been consumed and the new particles arc beginning to disperse. Magnification, 
10.007 X. 


at hourly intervals has been niised with 
enough T3 bacteriophage to infect at once all 
the bacteria present, electron micrographs 
have been obtained that agree with the earlier 
ones using T2 in showing prompt lysis; after 
5 minutes incubation followed by immediate 
icing very few intact organisms have been 
found in centrifuged, formalinized and washed 
preparations. Such rupturing has not been 
observed in control preparations from which 


the bacteriophage has been omitted. When 
T1 bacteriophage of the same titre has been 
substituted for T3 manj', but far from all the 
young cells in a culture have been quickly 
lysed. Fig. 1 indicates, the bacterial pro- 
toplasm liberated by these bacteriophages is 
the same mass of spherical macromolecular 
particles seen after lysis with T2. 

Preparations made after incubating for in- 
tervals up to half an hour following infection 
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with T3 have shown various steps in the de- 
velopment of new bacteriophage particles in 
the protoplasm of infected and lysed cells. 
After 15 minutes incubation fields like those 
of Fig. 2, 3 and 4 are common. The lysed 
cell of Fig. 2 resembles that of Fig. 1 in show- 
ing its protoplasm e.xtruded from the broken 
membrane. Much of this protoplasm has, 
however, already been converted into new par- 
ticles of T3. The conversion is still more 
complete in Fig. 3 where the cluster of coccoid 
T3 apparently is developing from one or more 
central particles. This cluster recalls a bac- 
terial microcolony resulting from several di- 
visions of a single cell. A still later stage 
wherein the newly formed particles have com- 
menced to disperse is shoira in Fig. 4. After a 
few more minutes incubation the formation of 
bacteriophage has progressed so far at the 
expense of the lysed protoplasm that it is hard 
to find either the protoplasmic masses or the 
clumps of bacteriophage evident in these earli- 
er photographs. Many electron micrographs 
like the foregoing have been obtained; they 
exhibit T3 particles in small groups and chains 


that suggest the}"^ have arisen by the same 
kind of self-reproduction which is often seen 
in bacterial growths and which appears to un- 
derlie the multiplication of the T2 coli bac- 
teriophage. 

Summary. Cultures of young, rapidly grow- 
ing susceptible colon bacilli obtained after 
hourl}^ transplants to fresh broth appear quick- 
ly lysed by the addition of T3 bacteriophage. 
Electron micrographs show that the bacterial 
membranes rupture very soon after adsorption 
of bacteriophage and that colonies of new 
phage particles rapidly appear in the pro- 
toplasmic masses. This protoplasm from 
young cells is the same assemblage of spheri- 
cal macromolecules seen after lysis with T2 
phage. As was the case with this other phage 
the observed phenomena are those to be ex- 
pected of particles behaving as if they were 
minute microorganisms multipljnng liy di- 
vision at the expense of the bacterial proto- 
plasm. 

Bcceived March 14, 1049. P.S.E.B.M., 1949, 71. 


17113. Effect of Chemical Irritation of the Peritoneum on Transmural 
Migration of Intestinal Organisms. 


Fritz Schweinburg and Felix Heimberg. (Introduced by Jacob Fine.) 
From ihc Kirstein Laboratory of Surgical Scsearcli, Seth Israel Hospital, and the Department 
of Surgery, Harvard Medical School, Boston, Mass. 


' For reasons already given elsewhere^ it is 
believed that the peritonitis which develops 
during peritoneal irrigation for the treatment 
of acute renal failure is due to the transmural 
migration of bacteria from the intestine. While 
there is no evidence that this can occur in 
the absence of severe damage to the intestinal 
wall, it might be possible as a result of the 
combined effect of the uremic state and the 
irritating properties of the dialyzing fluid.^ In 
the absence of clinical evidence for or against 
such a hypothesis, animal experiments were 
performed to see if transmural migration of 

1 Frank, H., Scliginan,rA7 Pine, J., Jnnals 
Surg., 1948, 128, 3. 


intestinal bacteria can be induced (1) in 
normal animals subjected to chemical irrita- 
tion of the peritoneum and (2) in normal and 
uremic animals e.\posed to the intraperitoneal 
injection of the fluids used for peritoneal ir- 
rigation in acute renal failure. The results of 
the first part of these studies are herem’th re- 
ported. 

Method. Healthy rabbits and dogs received 
sterile physiologic saline solution or the fluid 
used for peritoneal dialysis of uremic patients, 
in a volume sufficient to grossly distend the 
peritoneal cavity twice daily up to 2 weeks. 
Peritoneal fluid was aspirated as completely 
as possible just before each infusion. The as- 
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pirated fluid was always found devoid of bac- 
teria by aerobic and anaerobic culture. A 
•moderate ]eukoC3-tic response was regularly 
present after the first few infusions. Post- 
mortem examination of some of the animals 
after 2 weeks showed no grossly recognizable 
changes in the peritoneum. 

A severe inflammation of the peritoneum 
was then produced in a second group of ani- 
mals bj' the intraperitoneal injection of sterile 
5% monolate (monoethanolamine oleate), 
which is strongly irritating to endothelial cells. 
Since a single dose of 4 cc of monolate killed 
rabbits within a few hours, a graded dose of 
from 1-4 cc was injected daily into each of 
a series of rabbits. Each of a series of dogs 
received 5 cc of monolate daily. 

Another series of rabbits and dogs received 
a daily dose of 5 cc and 40 cc of sterile 
gum tragacanth suspension-"'’ respectively, for 
a number of daj’s. Samples of peritoneal fluid 
were taken daily, with sterile precautions, 
from all animals. The animals were sacrificed 
on the day following the last injection or at 
some later date. IVhen the tap was dry, 5 or 
10 cc of sterile saline were injected and, 
after a few minutes, a portion of this fluid was 
withdrawn. All specimens were smeared and 
cultured immediately in tryptone broth, on 
agar and on endoplates. The same smalt loop 
was used for all inoculations, so that positive 
plates would permit a roughly quantitative 
measure of the degree of contamination. Broth 
and plates were observed for as long as 10 
days. 

Contamination of peritoneal fluid from the 
irritant itself or from the skin at the site of 
puncture was avoided by sterile technic and 
by the finding of no growth in cultures made 
from the irritant and from the skin. Daily 
blood cultures were also done on several 
animals throughout the experiment to exclude 
bacteremia as a source of peritoneal contam- 
ination. Identification of bacteria was made 
by standard bacteriologic technics. 

* Results Tabic 1. Cultures of all animals in- 
jected with monolate or gum tragacanth i f 

"Tstdnbcrg, H., Ini. JM.. 1027. 

S.t,org, B., Am. J. Clin. Path., l.O.SG, 0, 2.S3. 


positive contained Escherichia cnli and never 
any other organism. The number of colonies 
on direct plates was alwaj-s less tlian 50 
colonies per plate. E. coli was found regularly 
in the peritoneum of all rabbits and dogs be- 
ginning on the 4th to 9th day of injection. 
Once the microorganism appeared, it con- 
tinued to be present until the injections were 
stopped. In four rabbits the culture re- 
mained positive for from 3 to 7 da\'S after the 
last injection, and sterile for from 9 to 14 
days thereafter. These rabbits showed exten- 
sive intraperitoneal adhesions without active 
inflammation, while those sacrificed shorth' 
after the last injection showed diffuse fibrino- 
purulent and adhesive peritonitis. That the 
fibrinopurulent peritonitis was produced by 
the monolate rather than bi' E. roli, is indi- 
cated by finding in several rabbits and dogs 
sacrificed after only 2 or 3 days of monolate 
injections that cultures taken each day and at 
postmortem were sterile despite the presence 
of a marked fibrinopurulent peritonitis. 

Gum-tragacanlh Experiment {Tabic 1): 
Tliree rabbits injected intraperitoneally with 
one dose of gum-tragacanth showed a fibrino- 
purulent peritonitis within 24 hours and E. 
coli was recovered at tlie same time. In dogs, 
however, the results were somewhat different. 
Four dogs, injected once, revealed sterile peri- 
toneal cultures each day up to the time when 
they were killed on the 2nd, 4th, 5th, and 
7th days respectiveh'. At autopsy they all 
showed mild degrees of fibrinopurulent or 
fibrinous peritonitis. The results were the 
same in 2 more dogs which received daily 
doses of tragacanth for 4 days and for 7 daj's 
respectively. In another which received a 
daily dose of 40 cc of tragacanth for 6 daj'S, 
E. coli first appeared on the 4th da\' and con- 
tinued to be present in the peritoneal exudate 
for 4 more daj-s. At postmortem he showed 
severe fibrinopurulent peritonitis. In still 
another dog similarly treated for 4 days E. 
coli was first found on the 5th day and con- 
tinued to be present for 4 more daj's, after 
which sterile cultures were obtained during 
5 subsequent days. Autopsy revealed a re- 
solving fibrinous peritonitis. That the posi- 
tive cultures were in no instance due to bac- 
teremia, contamination from the skin at the 
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site of injection or of the irritant itself was 
shown by uniformly negative cultures from 
these sources. 

Discussion. In spite of the large number of 
investigations which have been made on the 
permeability of the intestinal wall for bac- 
teria, conclusive evidence of transmural mi- 
gration of intestinal bacteria has not been 
produced. A normal intact serosa is generally 
regarded as impermeable, but this may not 
be the case where there is inflammation of the 
peritoneum due to a foreign body or a chemi- 
cal irritant. For example, the presence of bile 
or a sponge in the peritoneal cavity may re- 
sult in peritonitis or abscess formation, with 
organisms of intestinal origin present in the 
absence of a visible break in the continuity of 
the intestinal serosa. However, convincing 
proof that in such instances no break in 
continuity, however small,' was responsible is 
difficult to produce. 

Experimental data are contradictory. MTien 
a foreign substance, such as melted agar or 
sodium nucleinate* or broth® is placed in a 
serous cavity, intravenously injected cocci 
are found occasionally in the cavity contain- 
ing the foreign substance but not in the other 
cavities. Thus an irritant in the peritoneal 
cavity may attract and retain intravenously 
injected cocci, but such organisms obviousty 
must have entered the cavity via the circula- 
tion. Peritonitis following the feeding of \dru- 
lent cocci usually does not occur. In sever- 
al instances where this did happen transmural 
migration was not proved, because bacteria 
may have entered the circulation via the in- 
flamed intestinal wall.*®"’" 

•I I'iuvlowski, P., Zcntralblatt f. Chir., ISS7, No. 
4S; rfrcfiotr.s Arch., vol. 117, 1889, quoted by 
Kiinzel, H., Miinchn. ^[c^I. IT'oc/i., 1904, ol, 1020- 
1021. 

speisor, A., Jtcilr. r. Klin. Chir., 1907, Sli, 484. 

C' Auslcrlitz, P., Landstcincr K., Silzuiip;bcrii‘Wc 
dcr k:iisorlit*liou .\kadeinic dcr IVissouscdiaftcn in 
IVien, 1889. 

I Markup, H., 7. /. IlcUl-iindc. 1899, 20. 427. 

S Xcipppr, M., Z. f. 171/17., 1900, 54, 303. 

0 Opitz, E,, Z. f. Ifup., 1904, 48, 07. 

J". 'belter, n., Z. f. Kijri., 1890, 22, 12. 

II Kail, It., Arch. f. Klin. Chir., 1900, 02, 309. 

1-’ llonipinaim, E., Z. f. Kuo.. 1911, 00, 30. 


The recovery of the organism responsible 
for primary peritonitis from the intestinal 
waips.io.io Qj jjj tjjg stooP®’-’^ does not es- 
tablish the case for transmural migration, be- 
cause all of the involved areas may have been 
invaded from the blood stream. The evidence 
that the intestinal serosa when intact can be 
traversed by bacteria has therefore been equiv- 
ocal. 

In our experiments the sterility of the in- 
jected substance and of the skin, ascertained 
by daily cultures, exclude an external source 
for the bacteria found in the peritoneal cavit3' 
of our animals. Invasion via the blood stream 
is unlikeljL To exclude this remote possibility 
daily blood cultures from two rabbits and one 
dog were taken during the entire time of the 
experiment and yielded no growth. In \dew 
of these observations the regular finding of a 
typical intestinal microorganism in pure cul- 
ture in the peritoneum inflamed bj' chemical 
irritation is strongly in favor of its origin 
from the gut by transmural migration, in 
spite of the absence of any signs at postmor- 
tem e.xamination of mucosal inflammation. 
Whj' only £. coli and none of the other in- 
testinal bacteria was recovered is difficult to 
say. Pure E. coli peritonitis is rare.--’-®’’® 
The fact that E. coli was the usual contamin- 
ant or infecting organisms in patients subjec- 

13 Lcii.ijidcr, K., JCystrom, G., Z. f. Klin. Afcd., 
1906, 6,3, 263. 

H Geirsv.ald, S., quoted by Len.niider, K. G., 
Nystrom, G.i3 

13 Polsen, J., Osofsky, A. G., Pharyugogciuc 
Hematogenous Streptococcic Peritonitis, Arch. 
Surff., 1935, 31, 437. 

i®Wcil, S. A., Sapbir O., Am. ,T. Vis. Child., 
1932, 43, 611. 

w Montgomery, A. H., Surg. Gyn. Ohst., 1925, 
21, 798. 

IS Escliericli, T., Jahrb. f. Kindcrhcill'tnide, 
1889, 40, 167. 

19 Flexner, S., The .Cohns Hnpisins IlospHnl 
JiidL, 1895, 0, 64. 

39 Obadalek, W., Dentsche Z. f. Chir.. 1920, 
220. 307. 

31 Obadalek, W., Vcul.schc Z. f. Chir., 1931, 233, 
587. 

— Welsh, quoted by FIexncr.19 

33pishbcin, M., Am. .7. Jfrd. Sciences, 1012, 
144, 502. 
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ted to peritoneal irrigation for uremia sug- 
gests that the mechanism of invasion in these 
patients was similar to that in the foregoing 
experiments. ' 

Summary. Chemical peritonitis induced by 
repeated injections of monolate or gum-traga- 
canth in rabbits and dogs results in the ap- 
pearance of E.- coU in pure culture, in small 
to moderate numbers, in the inflamed periton- 
eum. Once this contamination is established, 


it continues for some time after the injections 
are discontinued. Eventuallj’^ all cultures are 
sterile. 

By e.xclusion of all other possible sources 
of contamination of the inflamed peritoneum, 
it appears that the E. coU found in the peri- 
toneal exudate is derived from the intestinal 
lumen by transmural migration. 

Received February 17, 1919. P.S.E.B.:M., 194.9, 71. 


17114. Transmural Migration of Intestinal Bacteria During Peritoneal 
Irrigation in Uremic Dogs.^ 


Fritz B. Schweinburg, Howard A. Frank, Edward D. Frank, Felix Heimberg, 

AND Jacob Fine.1 

From the Kirstein Lahorafory for Surgical Ecscarch, Beth Israel Hospital, aud the Department 
of Surgery, Harvard Hedical School, Boston, Hass. 


Peritonitis due to Escherichia coli in pure 
culture occurs readily during peritoneal irriga- 
tion for the treatment of acute renal failure.^ 
Clinical data suggested that the peritonitis was 
due to invasion of the peritoneum by the trans- 
mural migration of E. coli from the intestinal 
lumen.^ 

In a previous e.xperimental study- it was 
demonstrated that transmural migration of 
E. coli can be induced by the intraperitoneal 
injection of strong irritants, but that bacterial 
peritonitis does not ensue. It was then con- 
sidered desirable to determine whether the ir- 
rigating fluid used in treating acute renal fail- 
ure can also provoke a bacterial invasion of 
the peritoneal cavity from the gut. The data 
to follow demonstrate that bacterial contam- 
ination is produced following intraperitoneal 
administration of this irrigating fluid in uremic 

♦ The work described in this paper was done 
under a contract, recommended by the Committee 
on Medical Research of the Office of Naval Re- 
search of the United States Na^-y and Harvard 
University. 

f With the technical assistance of Sunya Gordon 
and Dorothy Kaufman. 

1 Frank, H. A., Sebgman, A. JI., and Fine, J., 
Ann. Siirg., 1918, 138 , 561. 

2 Schweinburg, F. B., and Heimberg, F., Pnoc. 
Soc. Exp. Biol. Axn Med.. 1919, 71. I't®- 


dogs but not in normal dogs and that prophy- 
lactic oral antibiotic therapy is effective in 
preventing it. 

Method. Normal dogs, and dogs made 
uremic by removal of both kidneys 24-72 
hours previously, were treated as follows: Fif- 
teen hundred to 3000 cc of sterile irrigating 
fluid* was injected into the peritoneal cavity 
by needle puncture under rigid sterile precau- 
tions. The fluid, as it escaped from the 
needle, just before and just after the puncture, 
was inoculated into dextrose broth. At the 
same time, swabs of the site of puncture of 
the skin, which had been prepared by shav- 

t Tlie 2 solutions used for infusion were those 
which had been used in patients for peritoneal 
irrigation.! Each was used in about half of the 
experiments. As there was no difference in their 
effect, the results are not considered separately. 


Solution A Solution B 
(g/1) (R/1) 


KaCl 

7.25 

7.4 

KOI 

0.19 

0.05 

CaCU 

0.095 

0.05 

MgCfs • CllnO 

0.2025 

0.22 

NaHCOa 

1.5 

0.77 

Dextrose 

9.5 

5.0 

Gelatin^ 

1.75 

JO.O 

pH after sterilization 

7.9 

7.2-7.G 

S We are indebted to the Atlantic 

Gelatin Com- 

pany for the gelatin used 

in these c.vpcriments. 
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ing, alcohol and zephiran, were also inoculated 
into dextrose broth. To establish the initial 
sterility of the peritoneal cavit}-, fluid aspirat- 
ed from the peritoneal cavity shortly after the 
first infusion was inoculated into dextrose 
broth, on agar and endo plates and into an- 
aerobic media.il Infusions were given twice 
daily and the foregoing procedures -were re- 
peated on each occasion, except that just pre- 
ceding each subsequent infusion all the fluid 
which could be aspirated was removed and a 
sample inoculated into the various media. Cul- 
tures were observed for 10 days unless they 
became positive earlier. 

Three normal dogs (No. 1-3) received a 
total of 10-40 liters in a period of 11-16 days. 

In 2, very little of the infused fluid was re- 
covered by aspiration, but in the third, 30 of 
the 40 liters given were recovered. 

Eighteen dogs were made uremic by removal 
of both kidneys. They are divided into 3 
groups. The first group of 11 (No. 4-14) was 
treated in the same way as the normal dogs, 
but the food and fluid offered postoperatively 
was not consumed. In the second group of 
3 (No. 15-17) a sterile foreign body (a rubbe’* 
or stainless steel tube or both) was placed 
in the peritoneal cavity at the time of nephrec- 
tomy. In the third group of 4 (No*. 18-21) 

0.10 g of streptom3'cln and 1.0 g of sulfathali- 
"dine were given orally for 4-5 days prior to 
nephrectomy. Daily aerobic and anaerobic 
cultures of the stool were prepared and ob- 
served for several days preceding nephrec- 
tomy. 

Blood was taken for culture from all dogs 
every second day until death. 

Results (Table I) Normal Dogs. In all 3 
normal dogs a few leucocytes per high power 
field appeared in the peritoneal fluid for the 
first time on the third day of the infusions. 

They increased only slightly in number there- 
after. The peritoneum at the end of the e.x- 
perimental period was smooth, glossy, and 
entirely free of any reaction. No growth was 
obtained in any of the peritoneal fluid cul- 
tures. It is, therefore, evident that e.xposure 
of the peritoneal cavity of a normal dog to 
these irrigating fluids for much of each day 

II Anaerobic cultures were done in 0 of the 
nreniic dogs. 


Peritoneal Irrigation 

for a period of some 2 weeks does not produce 
detectable bacterial contamination. 

In 10 rabbits treated and observed in the 
same way for 14-16 da3's, the results were 
precisely the same. 

Uremic Dogs. Untreated dogs survive not 
more than 3-4 days after bilateral nephrec- 
tomy. Two of the 11 dogs in Group I (No. 
4-14) died on the 3rd and 4th daj' of infusion 
respectively. The aspirated fluid remained 
sterile. In the remaining 9, the aspirated 
fluid was sterile for the first 3 days of infusion. 
Leucocytes in the aspirated fluid appeared 
for the first time on the 2nd or 3rd day, and 
increased only slightly in number thereafter. 
Positive cultures were obtained for the first 
time from the fourth to the ninth day of in- 
fusion, and remained positive in all 9 dogs 
until death, which occurred 5-16 daj's after 
the infusions were started. E. coli was the 
contaminating organism in all instances; in 
pure culture in 2, together with .-lerobacter 
aerogenes in 7. The number of colonies was 
always small, with E. coli predominating, ex- 
cept in Dog. 11. No Clostridia were found in 
an.v of the anaerobic cultures. Only 2 dogs 
(No. 11 and No. 13) developed purulent peri- 
tonitis. In Dog 11, E. coli, .4. aerogenes and 
Pseudomonas aeruginosa {B. pyocyanais) 
were isolated. In Dog 13, E. coli and Bacillus 
.megatherium were isolated. 

In Group II (Dogs 15-17), contamination 
appeared for the first time on the 8th da\' of 
infusion in Dog 15, and on the 3rd da}' in 
Dog 17. Peritonitis did not develop in these 
dogs. Dog 16, which died of pneumonia 72 
hours after nephrectomy, showed a sterile peri- 
toneal inflammation after 48 hours of infusion. 
It appears that the sterile foreign body does 
not influence the time or degree of invasion 
of the peritoneal cavity bj' intestinal organ- 
isms. 

In Group III (Dogs 18-21), the standard 
stool cultures remained sterile. A fecal 
suspension three times as dense as the stand- 
ard j'ielded scantj' growth of Streptococcus 
jecalis and diphtheroids, but no E. coli or 
Clostridia. None of the four dogs in Uiis 
group showed bacterial contamination of the 
aspirated fluid at any time, although the leu- 
cocvte response was the same as in the other 
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nephrectomized dogs. Their sundval times 
were 5, 6, 9 and 12 days after the start of 
the infusions. 

Death was due to uremia in all dogs in all 
3 groups (except Dog 16) with purulent peri- 
tonitis contributing in Dogs 11 & 13. 

The blood cultures were uniformly sterile. 
Cultures from the skin of the abdomen and 
of the irrigating fluid were alwaj’S sterile be- 
fore the infusion. Exceptionally a scanty 
growth was obtained from the skin after the 
infusion was given. The organisms recovered 
were the usual skin inhabitants, i.c. Staphylo- 
coccus albus, Bacillus subtilis, diphtheroids or 
sarcinae, and not the intestinal flora recovered 
from the aspirated fluid (Table I). 

Discussion, The bacteria recovered from 
the aspirated fluid are clearly of intestinal 
origin. 1, because of the species found and 2, 
because their elimination from the intestine by 
oral chemotherapy prevents peritoneal con- 
tamination. The route of invasion is trans- 
mural, since the blood cultures were negative. 
The number of bacteria recovered in cultures 
was always small. Presumably this number 
is a measure of the balance between the num- 
ber invading and the number leaving or being 
destroyed. It has been obsen’ed® that the peri- 
toneum of dogs can destroy or eliminate a 
large number of bacteria without reacting with 
severe inflammation. Since the peritoneal cul- 
tures were uniformly negative in normal irri- 
gated dogs, it appears that the uremic state 
makes the intestinal wall more permeable to 
bacteria or reduces the ability of the periton- 
eum to destroy them. The fact that only two 
of the fourteen uremic dogs which showed in- 
vasion developed purulent peritonitis may 
be due to the small number of invading bac- 
teria or to the considerable natural resistance 
of the dog to these organisms. 

It is noteworthy that the organisms recov- 
ered from the uremic dogs were the same as 
those from uremic patients treated with the 
same irrigating fluid.* Since the leucocyte re- 
sponse to the fluid in the normal animal is very 
slight, the fluid is at most a verr- mild stimulus 
to inflammation. Since neither the irrigating 

3 StcinbeiR, B.. Goldbiatt. H.. Jrcti. hit. Med., 

jngr, ;to. issr. ao. 4t9. 


fluid alone nor uremia alone* is capable 
of producing peritoneal contamination, it ap- 
pears that boA factors acting together are re- 
sponsible for the bacterial contamination. The 
precise role played by the uremic state is not 
clear. The fact that many of the uremic dogs 
showed an edematous intestinal wall at autop- 
sy suggests that transmural migration may be 
due to the edema resulting from the absence 
of renal e.xcretion, and that the uremia itself, 
so far as this phenomenon is concerned, is 
merely coincidental. However, in our clinical 
experience, the incidence of peritoneal con- 
tamination in irrigated patients was no less 
in those in whom overhydration was avoided. 
The ready development of E. colt peritonitis 
in man follounng contamination, as compared 
to animals, may be due to a lower natural re- 
sistance to E. coli, which the uremic state may 
further reduce. 

This e.vperimental study suggests that the 
treatment of acute renal failure in man by 
peritoneal irrigation may prove less hazardous, 
if a sufficient reduction of intestinal bacteria 
can be accomplished before treatment and 
maintained during treatment. 

Summary and conclusions. Repeated intra- 
peritoneal infusion of the fluid used for peri- 
toneal irrigation in uremic patients, adminis- 
tered aseptically to healthy' rabbits and dogs 
for 11-16 days, produced a moderate leukocy- 
tic response, but the peritoneum remained free 
of bacteria or visible inflammatory reaction. In 
uremic dogs, however, bacterial contamination 
of the peritoneal fluid developed after the 4th 
day of irrigation. The micro-organisms found 
were E. coli alone or with .4. acrogcncs. Oc- 
casionally, several other species, normally- 
found in the intestine, appeared : but Clostridia 
were never found. Preliminary- oral adminis- 
tration of streptomycin and sulfathaiidine pre- 
vented contamination of the peritoneal fluid. 
Blood cultures were uniformly sterile through- 
out the period of obsen-ation. It is concluded 
that irrigation of the peritoneal cavity of ure- 
mic dogs causes transmural migration of in- 
testinal bacteria and that oral chemotherapy- 
can pre\-ent such contamination. 


Received Febrn.iry 17, 1P49. P.S.E.B.M,, 1949, Tl. 
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17115. Experimental Studies on Nutrition in Tuberculosis. The Role of 
Protein in Resistance to TubercuIosis.*t 

Theodore A. Koerner, Horace R. Getz, and Esmond R. Long. 

From the Henry Phipps Institute, University of Pcnnsylvauio, and the ITistar Institute of 

Anatomy and Biology, Philadelphia. 


The view is widely prevalent, and well 
supported demographic evidence, that a 
high level of dietary protein is protective 
against invasion by tuberculosis.^-® Recent 
experimental and other evidence has shown 
that protein metabolism is of basic im- 
portance in natural and acquired resistance 
to infection in general, ■*' and shown that it 
may be of importance in tuberculosis.® The 
investigation here recorded was carried out to 
determine if a difference in susceptibility to 
tuberculosis can be detected in experimental 
animals nourished on diets of variable protein 
content. 

In the stock of albino rats at the Wistar 
Institute of Anatomy and Biology, at the time 
these experiments were initiated, there were 
3 colonies of animals which had lived for a 
number of generations on diets containing 
respectively 15, 25 and 40% of protein. 
Metabolic and growth studies on these ani- 
mals have been reported by hlcCoy,® who 
found that rats raised on a diet containing 
40% protein grew more rapidly and were 
more prolific than rats on diets with smaller 
protein content. Appearance and behavior 
differences were striking. The animals on a 
diet of 15% protein were sluggish and sleep)', 

* Aided by a grant from tlie John and Mary R. 
Markle Foundation. 

t A preliminary reiwrt was presented at tlie IV 
International Congress for Microbiology, Copen- 
hagen, Benmarh, .Tuly 20-20, 1947. 

1 Faber, K., Tuberculosis and A'utrition, Acta 
Tuberc. Ucandinar., 1938, 13, 287. 

2 Kirsclmer, M., Z. f. Tuherk., 1921, 34, 228. 

a Schroder, G., Beitr. r. hliin. d. Tuherk., 1930, 
75, 61. 

4 Cannon, F. R., dm. Hied. Ass'ii., 194o, 13S, 
360; Some P.athologic Consequences of Protein 
and’ Amino Acid Deficiencies, Cliarlcs C. Tliomas, 
Springfield, 111., 1948. 

oRateliffe, H. D., 4>»- ^4, 

389 

0 McCoy, R. H., J. UM. Chem., 1940, 133, l.xiv. 


while those on the 40% diet were active and 
playful. The former had ruffled and the 
latter sleek and shining hair. The 25% ani- 
mals were between the two extremes. 

The base diet furnished these animals was 
composed as follows: 


s 


IVhofe wlicat flour 


3675 

Skimmed milk powder 


800 

AVhole milk powder 


1200 

Soy bean meal 


400 

Alfftlfa leaf meal 


300 

Irradiated yeast 


300 

Dried liver 


200 

Calcium carbonate 


25 

Bone ash 


SO 

Sodium clilovide, iodized 

20 



■flflO 

From this base, 15, 25, 

and 40% diets were 

prepared as follows: 



Composition of Diet, and Protein Level 

in Per Cent. 

15 

25 

40 

Base 4200 g 

4200 g 

4200 g 

Cod liver oil 240 

240 

240 

Dextrin 1560 

960 

— 

Casein — 

600 

ir .60 

6000 

6000 

6000 


Animals from the 3 groups were used for 
the experiments here recorded. .Approximate 
equalization was effected within each protein 
group of experimental animals as respects age, 
tveight and sex. .All animals were injected 
intravenous!)' with t'irulent tubercle bacilli 
of bovine type. Two separate experiments 
were carried out. The dosage was more ac- 
curately calibrated in the second than the 
first. In the first, animals of approximately 
equal weight were selected at the start and 
each received 0.1 mg tubercle bacilli in the 
internal jugular vein. In the second experi- 
ment, the injection carried out by the same 
route was so regulated that each animal re- 
ceived approximately the sarne dosage per 
unit lung weight. Lung weights wore e.sti- 
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TABLE I. 

Tuberculosis in Bats on Diets witli Varying Percentage of Protein (Exp. 1). 




No. 

Extent 

Prcdoni. tj-pe 

Avg degree 

Avg No. 

% with 

% protein 

D.'iys of life 

animals 

tuber. 

cellular react. 

localization 

bacilli 

pneumonia 

15 

78-150 

10 

2.4 

Epitlielioid 

Poor 

Large 

30 


107 

O 

3.0 

) } 

} J 

»» 1 

100 

25 

47-150 

9 

2.7 

f J 

7 7 

J 7 

44 

40 

78-150 

5 

2.4 

7 7 

1 7 

Moderate 

40 


190-293 • 

7 

2.4 

Eegr. mono. 

7 7 

7 7 

100 





TABLE II. 





Tuberculosis in Eats on Diets with Varying Percentage of Protein (Exp. 2), 




No. 

Extent 

Predom. type 

Avg degree 

Avg No. 

% with 

% protein 

Days of life 

animals 

tuber. 

cellular react. 

localization 

bacilli 

pneumonia 

15 

14-150 

10 

2.1 

Prog. mono. 

Poor 

Small 

GO 


180-222 

4 

l.S 

Epithelioid 

Moderate 

7 7 

25 


253-315 

4 

2,5 

71 

Poor 

Moderate 

50 

25 

14-150 

4 

1.5 

7 7 

7 7 

7 7 

50 


180-222 

1 

2.0 

Eegr. mono. 

^ 7 

7 7 

0 

40 

14-150 

8 

1.4 

Prog. mono. 

Good 

Small 

25 


180-222 

0 

1.5 

Epithelioid 

7 7 

7 7 

50 


253-315 

10 

1.3 

Begr. mono. 

Fair 

7 7 

20 


mated from a formula worked out at the 
Wistar Institute.'^ 

Animals were autopsied as they died or 
were killed at selected intervals. Sections 
were stained by hematoxylin and eosin, and 
also with carbol-fuchsin, by the technic for 
acid-fastness, in order to show the number 
of tubercle bacilli in tuberculous lesions. The 
most significant facts learned were with ref- 
erence to pulmonary lesions, and the follow- 
ing analysis is based on the development of 
tuberculosis in the lungs. 

A simple scoring system was adopted, 
which was based on (a) the extent of the 
lesion, (b) the type of cellular reaction, (c) 
the degree of localization of the tuberculous 
process and (d) the average number of tuber- 
cle bacilli present in lesions. In addition, 
because of what proved a significant develop- 
ment in the e.xperiment, notation was made 
as to the presence or absence of extensive 
pneumonic lesions at the time of death. The 
extent of tuberculosis was estimated on a 
simple basis as follows: I = slight; 2 =: 
moderate; and 3 = extensive. 

» DoiiaUlsuu, H. H., The Bat, Mcmnir.s of the 
tVisfar Institute of Anatoinv aud Biology. No. 0, 
IPS-t, p. 212. 


The results of the 2 experiments are indi- 
cated in Tables I and II. 

Table I illustrates the results of the first 
experiment, in which 33 rats, matched ac- 
cording to age and litter, were used. This 
group of animals developed pneumonia in a 
high percentage of cases. All of the anirnals 
on 15 and 25% protein, including those sacri- 
ficed, died within less than 168 days. Ani- 
mals were sacrificed for comparable observa- 
tion on the 78th and 150th day of the experi- 
ment. Eight rats on the diet containing 40% 
protein outlived all of the other animals, 
although all but one of these died from natural 
causes ultimately. The last animal of the 
group was killed on the 293rd day. 

Tuberculosis developed rapidly in all ani- 
mals and the extent exceeded “moderate’’ in 
all within the first 150 days. In the animals 
on the 15% protein diet v'ers' extensive tuber- 
culosis occurred after the 150lh day. After 
the 150th day in the animals on 40% protein 
little or no progression occurred, and in most 
animals a certain amount of regression de-, 
veloped, evident both by decrease in the size 
and extent of the lesion and by a tendency to 
regression in the type of reaction. 

In general in the earliest days of infection 
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a tjipe of cellular reaction was evident which 
is here designated as a progressive mononu- 
clear response. It was characterized by the 
early appearance of large mononuclear cells 
of the macrophage series with large nuclei 
and a small amount of cytoplasm. With the 
passage of time these mononuclear cells 
phagocytized tubercle bacilli and developed a 
large amount of cytoplasm, taking on the ap- 
pearance of large epithelioid cells (epithelioid 
stage). The average type of reaction in all 
the animals up to the ISOth day of the ex- 
periment was epithelioid. The IS and 25% 
animals did not live long enough to develop 
the characteristic regressive type of mono- 
nuclear reaction. This was conspicuous, 
however, in the 40% animals, which lived 
much longer. This type of reaction was seen 
in most animals living longer than 180 days, 
and was particularly frequent in the animals 
receiving the highest concentration of protein. 
In this stage large mononuclear cells with a 
small amount of cytoplasm again became pre- 
dominant and were present in far larger 
numbers than the typical epithelioid cells. 
Two explanations are possible for this phe- 
nomenon, (1) that the epithelioid cells gradu- 
ally destroyed tubercle bacilli, after which 
the cytoplasm shrank, and (2) that epi- 
thelioid cells containing large numbers of 
tubercle bacilli were themselves destroyed 
and autolyzed, and replaced by new infiltrat- 
ing large mononuclear cells, which found 
relatively few bacilli to phagocytize, and 
therefore did not develop the large amount 
of cytoplasm characteristic of epithelioid 
cells. 

In the animals on diets containing IS and 
25% protein tubercle bacilli were present in 
enormous numbers. In the 40% animals the 
number of bacilli present was definitely 
smaller. 

In the 3 groups of animals in Experiment 
I, nourished on varying amounts of protein, 
significant differences were not evident in the 
incidence of pneumonia. In the first 150 days 
from 30 to 40% of all animals developed this 
disease and died. The few remaining 15% 
animals died of pneumonia at 167 days. The 
40% animals lived many months longer, but 
all but the one finally killed ultimately suc- 


cumbed to pneumonia. 

Characteristic differences occurred in the 
weight curves of the 3 groups of animals. 
These cur\’-es are not plotted in this paper, 
because of the complication introduced by the 
fact that certain animals were killed, and the 
fact that the weights of others were irregu- 
larly influenced by the development of pneu- 
monia. The general characteristics of the 
curves, however, were as follows: Animals 
on the 15% protein diet increased in weight 
from an average of approximately 190 g at 
the beginning of the e.xperiment to appro.xi- 
mately 280 g at about the 90th day, and 
decreased to approximately 220 g at the 
150th day. Animals of the 25% series in- 
creased from an original average weight of ap- 
proximate!}" 200 g to an average of about 300 
g on the 90th day and dropped to an average 
of 255 g on the I33rd day. Two surwving 
animals weighed appro.ximately 310 g when 
killed at ISO days. .-Animals of the 40% 
series increased from an average of approxi- 
mately 210 g at the start to about 300 g at 
the 84th day, and held this until the end of 
the experiment. 

In summary it may be said of the animals 
of Experiment I that the extent of tubercu- 
losis did not vary greatly in the 3 groups. 
However, the animals on the 40% protein 
diet outlived those on diets containing lower 
percentages of protein, by several months, 
and the number of tubercle bacilli visible in 
the lesions was much smaller than in the 
animals on IS and 25% protein diets. At 
times in the 15% animals the number of 
bacilli was enormous, and wide dissemination 
of bacilli was evident in some of the animals 
dying of pneumonia. In a number of the 
animals with pneumonia ulceration of bronchi 
by the pneumonic process and wide scattering 
of exudate appeared to have a definite effect 
in spreading tubercle bacilli. 

In Table II the results of the second experi- 
ment are recorded. Forty-seven rats rvere 
used. As noted above, the dosage was ac- 
curately measured on the basis of lung weight. 
The extent of tuberculosis in all groups was 
less than that in the preceding e.xperiment. 
and differences in degree of localization were 
more clearly evident. 
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In the tabulaVion of Experiment II the 
animals are divided into 3 groups, vh., those 
dying between 14 and 150 days, those dying 
between 180 and 222 days, and those dying 
between 250 and 315 days. 

The extent of tuberculosis was measured 
on the same scale as in the case of the ani- 
mals recorded in Table I. The extent of 
tuberculosis ivas somewhat greater in the 
animals receiving 15 and 25% protein diets 
than in those on the 40% diet. Also, as in 
Experiment I, after the first 150 days signifi- 
cant increases in extent of tuberculosis did not 
develop in the 40% animals. 

In general the animals of this experiment 
showed the characteristic change in cellular 
reaction noted in Experiment I. This was 
most typical in the 40% animals, which 
clearly exhibited a progressive mononuclear 
reaction up to 150 days as the predominant 
type of reaction, followed by a long period 
during which the overwhelming majority of 
cells present in the exudate were of the 
epithelioid tiiie, with a final period, after 250 
days, when the epithelioid cells diminished 
in number, and were replaced by large mono- 
nuclear cells with relatively little cytoplasm. 
The latter stage, as noted above, is desig- 
nated in this paper as regressive mononuclear 
stage. 

In this experiment, in contrast to the first, 
distinct variations in the degree of localiza- 
tion of the tuberculous lesions were noted. In 
general the disease was widely disseminated 
in the 13 and 25% protein animals, but a 
“fair” to “good” degree of localization -was 
evident in animals on the 40% protein diet. 
The number of bacilli visible in the tuber- 
culous lesions was smaller in this experiment 
than in the previous one, but, as in that ex- 
periment, the number seen in tuberculous 
lesions was definitely smaller in the 40% 
animals than in those receiving smaller 
amounts of protein. Highly suggestive dif- 
ferences in the extent of pneumonia in the 
animals of the three groups were observed, 
rile incidence of pneumonia was very high in 
the 15% group, and, while still high in the 
40% group, it was much below that found 
in the 15% group. The difference in fre- 
quency and extent of pneumonia was more 


closely correlated with the amount of protein 
in the diet than was the extent of tuberculosis. 
The impression was created that, if the diet 
was responsible for variation in tuberculosis, 
the influence was indirect, through an effect 
upon resistance to the common typies of 
pneumonia endemic in rat colonies. Bac- 
teriological studies of the pneumonic lesions 
were not made. Previous studies on rats of 
this colony showed pneumonia is frequent 
and the etiology variable.® 

As in the. preceding experiment, in general 
the 40% animals far outlived animals of the 
other groups. At 315 days 5 of the 40% 
animals which had survived, were killed to 
conclude the experiment. These ivere large 
animals, free from pneumonia, with one ex- 
ception, with e.xcellent coats of hair, and every 
appearance of good health. As noted, all of 
them had moderately extensive tuberculosis, 
but this appeared to be in the regressive stage, 
as indicated by the type of cellular reaction. ' 

Weight curves were comparable to those of 
the preceding e.\periment. In Experiment II, 
young and old animals were used, evenly dis- 
tributed within the 3 groups. Young litters 
ranged from 61 to 76 days of age at the time 
of injection, and old litters from 736 to 931 
days. .All of the old animals died within the 
first 146 days. The animals which surx’ived 
315 days, all of them within the 40% group, 
were from 61 to 76 dai' litters. Differences 
in the type of cellular reaction were not ob- 
served between young and old animals. 

Sunnuary. The results of Experiment II 
were like those of Experiment I, the chief 
difference being that the infection was better 
regulated, and variations within the 3 protein 
groups were more characteristic. Tubercu- 
losis was less extensive and life was much 
longer in the rats on a 40% protein diet than 
in the other 2 groups, and the degree of lo- 
calization of the disease was better. The 
number of bacilli in lesions was smaller in 
the 40% series and the extent of pneumonia 
was less. Corresponding with the lesser 
extent of pneumonia there was less dissemina- 
tion of tuberculous lesions. .A characteristic 

s It.'Ui'Ufto, II. Ij., Cliaptpr 22 in Thr }iat in 
jMhorntOTXi Jnvrslipntiott. Griffitli. ,T. Q., .nnil Fiir- 
ris, E. .1., Lippincott Comp.-aiv, Phil.KlcIpliia, 1942. 
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feature of the long-lived animals was a pro- 
gressive change in the cellular type of reaction 
from an early infiltration of mononuclears 
with little C3d6plasm to a stage of consolida- 
tion with , epithelioid cells and finally to a 
“regressive” type of mononuclear reaction in 


which lesions decreased in size, epithelioid 
cells were few and mononuclears with little 
cj'toplasm predominated. 


Eeceived April 20, 1949. P.S.E.B.Jt., 1949, 71. 


17116. Ante-Mortem Failure of the Aural Microphonic in the Guinea Pig. 

J. S. Riesco-jMacCeure,! H. Davis, B. E. Gerhandt,* and W. P. Covell. 
(Introduced by H. Lester White.) 

From ihe Central Institute for the Deaf anti Department of Otolarpnpolopp, Ifashinffton 

Vniversity, St. Louis, Mo. 


In the course of an extended study of the 
electrical response of the cochlea of the guinea 
pig to pure tones and to clicks we have col- 
lected incidental observations on the condi- 
tions of survival of these responses. Since 
these conditions are pertinent to any theory 
of the origin of the aural microphonic or “co- 
chlear response” we present them herewith. 
Our report concems only the aural micro- 
phonic, which apparently is closely related to 
the physical movements of the basilar mem- 
brane or some closely adjacent structure, and 
not the action potentials of the auditory nerve 
(or spiral ganglion) which are usuallj' recorded 
with the microphonic. In general the action 
potentials fail equally with or before the mi- 
crbphonic. We have never yet observed the ac- 
tion potentials under conditions where the 
aural microphonic could not also be elicited, 
although sometimes a greater intensity of 
stimulus’ ’is necessary to make the microphonic 
\asible on the oscilloscope. 

Our sound-generating system and our pick- 
up amplifiers and oscilloscopes follow con- 
ventional design and will be described in de- 
tail elsewhere. We make electrical contact 
with the cochlea through a tiny wick applied 
to the round window and through fine copper 
or silver wires passing through or fitted like 

* Tliis work was carried out under Contract 
NOour-272 tjctwccn the Oflice of Nav:il Rescarcli 
and Central Institute for the De.if. 

t Non- in Santiago, Chile. 

i Traveling Fellow of llockefcller Foundation. 


a cork info small holes drilled through the 
bony shell of the cochlea. .A reference elec- 
trode is connected to the edge of the wound 
in the neck. 

Itlere placement of an electrode on the 
round window membrane does not necessarily 
cause a reduction of the aural microphonic 
over a period of many hours or even 2 or 3 
days. Neither does the anaesthetic perje 
(dial in urethane), provided the dose is light 
enough to allow reflex muscular movements 
and circulation and respiration remain ade- 
quate. Fall in body temperature sometimes • 
seems to cause a reversible reduction of the 
microphonic, but no more than can reasonabh’ 
be e.xplained bj' the associated fall in meta- 
bolic rate and changes in circulation and res- 
piration. Such effects of temperature have 
been more prominent in our e.xperiments on 
cats than in guinea pigs. 

It is well known that the aural microphonic 
falls off sharpty when the animal dies, but that 
it persists for mam' hours after death at a few 
per cent of its original strength.^ In the guinea 
pig, when respiration graduall.v fails from too 
much anesthetic, the microphonic falls to this 
low level l/c/orc the heart stops. The failure 
is parity reversible. If the animal takes a 
few gasping breaths the microphonic may 
double its voltage (and action potentials re- 
turn) as the heart beats faster and more regu- 

1 IVevor, E. G., Bra.v, P. W., and I.-iwrvaw. M., 
.Inn. Olot., IHiinol., and Larpiipnl., 1941, .'O, .';l<. 
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I.W 


TABLE I. 

Changes in TiiTCsholt! (Decibels) for 20 Microvolt Response at Round Window (1000 Cycles) 

following Deliberate Injury. 


Exp. Xo. 

Injury 

' 1 hr 

Time after injury 

— "■ " ' ' — N 

2 hr 3 hr 21 iir 

60 

Turn 3 ; all 3 scal.ie 

•f 4 

- 3 

— --7 

63 

f f . Tt rf y* 

-fl4 

+w 

— — 

66 

” 2; large hole in sc.ala medi.a 

0 

— 

— — 

67 

” 3; all 3 sealac, hole enters the inodiolus 

o 


— . 

GS 

” 3; amputation 

+ 2 

+ 4 

4-12 — 

70 

” 3; amputation 

- 4 

- 4 

— 


Positive values indicate rise in threshold, negative a fall. 
See Fig. l.A for E.vpcriment Xo. 00, IB for Xo. 67. 


larly. It is our clear impression that there are 
two mechanisms underlying the microphonic, 
one of which is quite sensitive to lack of oxy- 
gen and the other sufficiently hardy to persist 
(at a low level) for hours after death. 

Frequently, but not always, as respiration 
and circulation fail and as the microphonic 
approaches the postmortem level, the micro- 
phonic undergoes half-wave rectification. The 
phase of the microphonic in ivhich the scala 
media and scala vestibuli are relatively more 
positive and the scala tympani more negative 
is depressed much more than the opposite half 
of the pattern. The phase which is most de- 
pressed corresponds to condensation in the e.x- 
ternal canal. This effect is most dramatic 
on the oscilloscope when clicks are used as 
stimuli, because the quiet base-line before the 
click gives an obvious reference level; but rec- 
tification can be clearly seen with pure tones 
also. The rectification is almost instantly re- 
versible if the animal takes a few good breaths. 
At this stage rather strong stimuli, 30 or 40 
db stronger than are necessary for a fresh 
preparation, are required to obtain clear re- 
sponses and the maximum responses are rarely 
more than 10 microvolts. .Action potentials 
alwaj's fail when or before rectification begins. 

There are several sufficient conditions for 
failure of the microphonic, including lack of 
oxygen, overstimulation, certain chemicals 
applied to the round window (including the 
orthophosphoric acid we use in mixing the 
dental cement that attaches our electrode 
wires to the edge of the surgical opening into 
the bulla.) Gross injuri’, such as rupture of 
the round window membrane with outpouring 
of perilymph and perhaps entrance of air bub- 


bles. also abolishes all responses. 

Milder surgical injury associated with drill- 
ing a hole 300 fi in diameter and deliberately 
rupturing Reissner’s membrane and the basi- 
lar membrane does not necessarily cause any 
deterioration of electric response over several 
hours e.xcept for a narrow band of frequencies 
associated with the actual site of injury. (See 
Table and Figure). In two experiments com- 
plete amputation of the 3d and 4th turns 
caused v'ery little change in two hours of the 
stimulus necessary to yield at the round win- 
dow a 20 microvolt response to medium and 
high tones. Small holes (60 ;i) at the apex 
without rupture of the endosteum seem quite 
innocuous. We have not detected any effects 
that we must attribute to a moderate “escape 
of endolymph” or to “serous labyrinthitis.” 

Two general conditions are important, and 
they may reduce ultimately to one. They are 
1 ) a general factor associated with progressive 
deterioration of the preparation in a long ex- 
periment. The electrical responses may grad- 
ualh’ fall and thresholds rise. High tone re- 
sponses are usually more depressed than 
low. 2) Local oxj'gen supply, which may 
be reduced by failure of circulation or by in- 
adequate respiration. For example, the re- 
sponses fail within a few seconds of cessation 
of respiration under pure nitrous oxide and 
return quite or nearly to normal promptly 
when breathing is resumed. The general fac- 
tor suggested above may be nothing more than 
cumulative irreversible or slowiy reversible 
effects of prolonged partial anoxia. 

The stability of the responses in the pres- 
ence of holes drilled into the cochlea opens 
the way for more intimate approach to the 
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feature of the long-lived animals was a pro- 
gressive change in the cellular type of reaction 
from an early infiltration of mononuclears 
with little cytoplasm to a stage of consolida- 
tion with epithelioid cells and finally to a 
“regressive” type of mononuclear reaction in 


which lesions decreased in size, epithelioid 
cells were few and mononuclears with little 
cytoplasm predominated. 

Eeceived April 20, 1949. P.S.E.B.M., 1949, Tl. 


17116. Ante-Mortem Failure of the Aural Microphonic in the Guinea Pig.^ 


J. S. Riesco-MacClure,! H. Davis, B. E. Gernandt,^ and W. P. Covell. 
(Introduced by H. Lester White.) 

From the Central Institute for the Deaf and Department of Otolaryngolopy, TVashingion 

University, St. Zouis, Mo. 


In the course of an extended study of the 
electrical response of the cochlea of the guinea 
pig to pure tones and to clicks we have col- 
lected incidental observations on the condi- 
tions of survival of these responses. Since 
these conditions are pertinent to any theory 
of the origin of the aural microphonic or “co- 
chlear response” we present them herewith. 
Our report concerns only the aural micro- 
phonic, which apparently is closely related to 
the physical movements of the basilar mem- 
brane or some closely adjacent structure, and 
not the action potentials of the auditory nerve 
(or spiral ganglion) which are usually recorded 
with the microphonic. In general the action 
potentials fail equally mth or before the mi- 
crophonic. We have never yet observed the ac- 
tion potentials under conditions where the 
aural microphonic could not also be elicited, 
although sometimes a greater intensity of 
stimulus' is necessary to make the microphonic 
visible on the oscilloscope. 

Our sound-generating system and our pick- 
up amplifiers and oscilloscopes follow con- 
ventional design and will be described in de- 
tail elsewhere. ^Ve make electrical contact 
with the cochlea through a tiny wick applied 
to the round window and through fine copper 
or silver wires passing through or fitted like 

* This work was carried out under Contract 
J\0onr-272 between the Oflice of Naval Research 
and Central Institute for the Deaf. 

t Now in Santiago, Chile. 

t Traveling Fellow of Rockefeller Foundation. 


a cork into small holes drilled through the 
bony shell of the cochlea. A reference elec- 
trode is connected to the edge of the wound 
in the neck. 

Mere placement of an electrode on the 
round window membrane does not necessarily 
cause a reduction of the aural microphonic 
over a period of many hours or even 2 or 3 
days. Neither does the anaesthetic per, sc 
(dial in urethane), provided the dose is light 
enough to allow reflex muscular movements 
and circulation and respiration remain ade- 
quate. Fall in body temperature sometimes 
seems to cause a reversible reduction of the 
microphonic, but no more than can reasonabU' 
be explained bj^ the as.sociated fall in meta- 
bolic rate and changes in circulation and res- 
piration. Such effects of temperature have 
been more prominent in our e.xperiments on 
cats than in guinea pigs. 

It is well known that the aural microphonic 
falls off sharply when the animal dies, but that 
it persists for many hours after death at a few 
per cent of its original strength.* In the guinea 
pig, when respiration gradually fails from too 
much anesthetic, the microphonic falls to this 
low level before the heart stops. The failure 
is partly reversible. If the animal takes a 
few gasping breaths the microphonic may 
double its voltage (and action potentials re- 
turn) as the heart beats faster and more regu- 

iWpver. E. G., Bra.v, C. W., and Lawrciic-o. Jt.. 
Ann. OloL, JUiinnl., and I.aryiipot., 1941, .TO, .Tl<. 



Inhibitors of Influenza Virus 


161 


TABLE I. 

Comparison of Inhibition Titer of Two Samples of Babbit Serum and Egg IVhite on Hemagglu- 

tination by PBS and Lee Strains. 


St mill 

Treatment 


Inhibition titer* of 


f 

Babbit serum 
No. 1 

B.abbit serum 
No. 2 

Egg wliite 
No. 1 

Egg white 

No. ‘2 

PBS 

unlieated 

<10 

<10 

10 

<10 


30’ 56“ 

<10 

<10 

40 

<10 

Lee 

unheated 

40 

40 

10 

<10 


30' 56” 

160 

160 

•2560 

640 

* Numbers give highest dilutions of inhibitor which are effective when added to virus. 


virus, it was suggested that^'-^'* the inhibition 
phenomenon could be explained on the basis ol 
an enzymatic reaction as had previously been 
proposed' for the action of virus on red cells. 
According to the enzjnmatic theory, heating 
inactivates an enZ3Tne of the virus which in 
the fresh state is able to destroy the inhibitor. 
The question arises whether all inhibitors are 
of the same chemical nature or whether dif- 
ferent substances are involved. In terms of 
the enzymatic theory a plurality of inhibitors 
might also necessitate the assumption of dif- 
ferent enzxmiatic factors in the virus. To ob- 
tain some eNudence which could be used for 
answering this question, the behavior of dif- 
ferent influenza strains toward the inhibitors 
contained in normal rabbit serum and egg 
white was compared. 

Materials and methods. Virus Preparation. 
.Allantoic fluid from eggs infected with the 
different strains of virus was used either un- 
heated or after heating for 30 nunutes at 56° 
or 6 1°C, during the first 14 days after harv'est- 
ing. The following strains were examined; 
Sn-ine, Oti, PR8, Weiss, Iilarton, Baum, Fhll, 
Lee and Warner. The passage historj' of 
these strains is given in Table II. 

Inhibitors, (a) Rabbit serum. Blood was 
drawn from normal, fully grown rabbits by 
cardiac puncture. .After clotting and centrifu- 
gation. the serum (XRS) was pipetted off and 
heated for 30 minutes at 56°C. 

(b) Egg white. The egg white (EW) of 
several eggs was separated from the yolk and 
filtered twice through a single layer of gauze. 

’- Hirst. G. K., J. Exp. ilcd.. 1P4S, 87, 301. 315. 
w Francis. T., .Tr., J. Exp. Med.. 1947. 85. 1. 
iiRurnct, F. M., tniicfl, 194S, 2.54, 7. 


All fluids were stored at -j-4°C in rubber stop- 
pered test tubes. 

Inhibition tests. -A titration of virus using 
Salk’s method'^ was made before everj' test. 
.A virus concentration equal to eight times the 
highest hemagglutinating dilution was used in 
the inhibition test. Two-fold dilutions of in- 
hibitor in saline starting with a 10-fold dilu- 
tion were prepared in 0.25 cc amounts, and 
to all dilutions 0.25 cc of the indicated dilution 
of virus was added. After thorough mixing 
the tubes stood at room temperature for 30 
minutes. Then 0.5 cc of 0.25 per cent suspen- 
sion of chicken blood cells was added. Re- 
sults were read after 7 5 minutes. A parallel 
titration of the virus dilution used in the in- 
hibition test was made in every experiment 
to insure that the right amount of \nrus had 
been used. 

Results. Comparison oj di^crent batches oj 
inhibitors. In a preliminary experiment the 
inhibiting action of 2 different batches of rab- 
bit serum and egg white on the hemagglutina- 
tion of PRS and Lee strains was examined. It 
can be seen in Table I that the 2 rabbit sera 
had the same inhibition titer, but the 2 batch- 
es of egg white gave different results. The 
inhibition titers with Batch No. 1 of egg white 
were higher than with Batch No. 2. In com- 
paring the effect of an inhibitor on different 
influenza strains, it is, therefore, important to 
use the same sample of inhibitor for the whole 
series. The experiments reported below were 
all done with the same samples of rabbit ser- 
um and egg white. 

Susceptibility oj unheated virus to XRS 
and Eir. Table II shows that the examined 

l-' Saik, .T. E.. ,r, Iiiunidtol.. 1944. 40. S7. 
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A. E.\p. CO. Large hole and deliberate injury 
in Turn 3. Eeissner’s membrane and basilar mem- 
brane torn. Beneath the large hole is the outer 
end of a small hole that entered Turn 2, seala 
media. 

B. E.xp. 67. Hole entering modiolus in Turn 3. 
Axis of hole is perpendicular to plane of section. 

nervous -structures in labyrinth and modiolus. 
Summary. The aural microphonic of guinea 


pigs was recorded from the round window and 
from copper wires applied to or passing 
through tiny holes drilled through the bony 
shell of the cochlea. When the guinea pig's 
respiration fails gradually, the microphonic 
falls to a few percent of its original strength 
before the heart stops. The failure is partly 
reversible if respiration improves. 

Frequently near the postmortem level the 
microphonic undergoes partial or complete 
half-wave rectification. The phase corres- 
ponding to condensation in the e.\-ternal canal 
is more depressed than the phase correspond- 
ing to rarefaction. This effect also is tempor- 
arily reversible. 

Extensive surgical injury including ampu- 
tation of the two apical turns may cause little 
or no change in the microphonic (1000 cycles 
per second) at the round window over several 
hours. 


Received Marcli 29, 1949. P.S.E.B.M., 1949, 71. 


37117. Differences in Hemagglutination by Strains of Influenza Virus in 
Presence of Egg White and Normal Serum.* 


H. Bernkopf.I (Introduced by Thomas Francis, Jr.) 

From Ihc Department of Epidemiology and Virus Laboratory, School of Fuhlic Dcalth, 
University of Michigan, Ann Arbor, Mich. 


Substances of various origin have been 
shown'"^® to inhibit the hemagglutination re- 

* This investigation was conducted under the 
auspices of tlie Commission on Influenza, .Army 
Epidemiology Board, Office of the Surgeon Gen- 
eral, IJ. S. -Army, AYashington, D.C. 

t Aided by a fellowship from the Bazian Foun- 
dation for Medical Rc.search, 

1 Hirst, G. K, J. Exp. Med., 1942, T.T, 49. 

2 Hirst, G. K., .1. Exp. Med.. 1943, 78, 99. 

3 Burnet, F. M., An.^trnl. J. Sc., 1947, 10, 21. 

4 Green, K. H., and Woolley, D. W., J. Exp. 
Med., 1947, 86, 55. 

Fricdcwald, AV. F., Miller, E. S., and What- 
ley L E., J. Exp. Med., 1947, 86. 65. 

c’Lanni, F., and Beard, .T. W., I’Ror. -Sor. E.xp. 
Biol.. AXD Mei)., 1948, 08, 312, 44— 


action of influenza virus. Evidence has also 
been presented®-^'-'- suggesting that some oi 
these inhibitors are identical with, or closely 
related to, the receptor substance of red cells. 
When it was shown’"' that serum inhibits 
hemagglutination by heated virus to a much 
higher degree than hemagglutination by fresh 

'Bovarnick, M., and dcBurgh, 1’. M., ,1. Exp. 
Med., 1948, 87, 1. 

•s Ginsberg, H. S., Goebel, W. F., and Horsfall, 
F. L., .Ir., .7. Exp. Med., 194S. 87, 411. 

!' Hardy, 1’. H., Jr., and Horsfall, F. I.., Jr., 
.7. Exp. .Ifrd., 194S, 88, 63. 

10 Francis, T., •Tr., and Mimi«e, E., I’KOi'. So<-. 
EXI\ Bloi. AXI) Med., 1948, 61), -393- 

n Burnet, F. M., McCrca. J. F., and .tndi rson, 
S. G., Xotnrr, 1947, 160, 404. 
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With other strains the inhibition of hemag- 
glutination hy NRS could be raised to titers 
similar to those attained by EW if a tempera- 
ture of 6rC was used for the inactivation of 
the virus preparations. This is shown in 
Table III for the PRS, Weiss, Oti and Lee 
strains. NRS in dilutions of 640-1280 inhibi- 
ted hemagglutination bj' heated virus, and 
thus came close to the values obtained with 
EW. In the case of the swine influenza strain 
it was impossible to raise its susceptibility to- 
ward NRS as a temperature of 56°C was inef- 
fective and a temperature of destroi''ed 
the hemagglutinating ability of this strain. 

Discussion. The obser(,'ation that an in- 
fluenza strain may be highly susceptible to 
one inhibitor and only slightly susceptible to 
another and the fact that heating will alter the 
susceptibilit}’ of a strain to one inhibitor with- 
out changing measurably its susceptibility to- 
ward the other is considered eiidence for a 
qualitative difference in the inhibitors in- 
volved. If this conclusion is discussed in 
terms of the enzymatic theory it would have 
to be assumed that the effect of virus on the 
two inhibitors is caused by two different en- 
zymatic factors which can exist independentW 
and which can be differentiated by their resis- 
tance to heat. The virus factor active against 
egg white inhibitor is generally more heat la- 
bile than the factor against rabbit serum. It 
is completely or partially destroyed in all 
strains by a temperature of 56°C whereas, a 


higher temperature is necessary to inactivate 
the factor acting against rabbit serum. The 
independence of the two factors is most clear- 
ly demonstrated in the case of the swine in- 
fluenza strain in which heating to 56°C de- 
stroys completely the activity against egg 
white without measurably altering its activi- 
U' against serum inhibitor. It is possible that 
the assumption of still other enzynnatic factors 
for other inhibitors might become necessary, 
if the enzymatic theory is to be accepted. It 
seems probable that just as the antigenic com- 
position of strains differs so also will their ca- 
pacity to react with different chemical sub- 
strates be found to vary. 

Sinnmary. The hemagglutinating activity 
of some strains of influenza virus is more sus- 
ceptible to egg white inhibitor while that of 
others is more susceptible to inhibition by 
rabbit serum. Heating to 56°C makes all 
strains susceptible to inhibition by egg white. 
When tested with 4 different strains a higher 
temperature was required to make them as 
susceptible to inhibition by normal rabbit 
serum. It is concluded from these results that 
the inhibitors are not identical. The results 
are discussed in terms of the enzymatic theory 
according to which two different enzymatic 
factors in the virus active against rabbit serum 
and egg white would have to be assumed. 

Rcccivetl April 29, 1949. P.S.E.B.M., 1949, 71. 


17118. Effect of Tagathen* 
Guinea Pigs. 


on Histamine-Induced Gastric Lesions in 


J. C VAX ilETER AXD J. J. Olesox. (Introduced by Guy W. Clark.) 
From Lcilcric Lnhoratorics Division, American Cl/onnmid Comjmny, Prari IUvrr. A’. T. 


The use of synthetic antihistaminics to 
prevent or diminish the incidence or severity 
of histamine-induced ulcers in animals has 
been reported in less than a half dozen papers. 
Most of these were concerned with the failure 
of benadryl* (B-dimethylaminoethylbenz- 
hydryl ether HCl) to prevent experimental 

* Brrtnd (if antiliistnniinic tlmjr. 


ulcer formation.'’ ■* In all of these reports the 
“histamine in beeswax" method of Wangen- 
steen and coworkers’’ was used. In addition 

r Crane. J. T.. Eimlsay. P.. ami Dailey, M. E.. 
j'tni. J. Dip. Disea.trs. 1947, l-l, .'fi. 

aFriesen. S. I?.. Baronofsky, I. D., ami Wan. 
Renstecn. O. II., PKOt'. Sor. Exr. Biot., axd Med., 
1940, f«, 2.1. 
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T I •. . TABLE ir. 

TnlnbiUng Achon of Babbit’s Serum mul Egg White on Hen.agglutination of Nine Different 
•strains of Influenza T iriis. 


Strain 

Pass.Tgc 

Swine 

1976 MSS E25^ 

Oti 

MI 79 E37 

PB8 

198 jM593 E86 

IVciss 

F3 M32 E41 

Maiton 

ElO 

Baum 

F19 MIO E15 

FMl 

Lilly M37 EIT 

Lee 

F8 M137 B122 

tVarner 

E6 Ml 7 E2 


Treatment 


30' 56° 
30' 50° 
30' 36° 
30' 50° 
30' 50° 
30' 50° 
30' 56° 
30' 56° 
30' 56° 


Inhibition titert 
-of rabbit serum 


<10 

<10 

10 

40 

<10 

<10 

10 

20 

160 

320 

40 

1280 

40 

2560 

40 

160 

640 

2560 


Inhibition titer 
of egg wliite 

10 

2560 

40 

5120 

20 

80 

40 

5120 

40 

5120 

160 

5120 

80 

5120 

10 

2560 

20 

5120 


* Number after F = number of ferret passages; number after JI = number of mouse 
Iiassages; number after E = number of egg passages. 

t Numbers give highest dilutions of inhibitor n-hich are effective ivhen added to virus. 


TABLE III. 

Inliibition of Rabbit Serum on Influenza Strains Heated to 56°C and 01°C for 30 Min. 


Dilution of rabbit serum 


•Strain 

Treatment 

10 

20 

40 

80 

160 

320 

640 

1280 

2500 

512 

PE8 

56° 

•P 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 


01° 

— 

— 

— 

— 



— 

— 

+ 

+ 

+ 

Weiss 

50° 

— 

— 

+ 

+ 

+ 

+ 


+ 

+ 

+ 


61° 

— 

— 

— 

— 

— 

— 

— 

— 

+ 

+ 

Oti 

50° 

— 

— 


+ 

+ 

"f 


+ 

+ 

+ 


61° 

■ 

— 

— 

— 

— 

— 

— 

— 

+ 

+ 

Lee 

50° 

* 

— 

— 

— 



+ 

+ 



+ 


61° 

— 

— 

— 

— 

— 

— 

— 

+ 

4- 

+ 


+ =: hemagglutination. 

— = no hemagglutination. 

strains differ in their behavior toward the 2 
inhibitors. Six strains are more susceptible to 
inhibition by EW, three strains are more 
strongly inhibited by NRS. The greatest dif- 
ference in behavior toward the 2 inhibitors was 
observed in the case of the Warner strain 
which was inhibited in a 32-fold higher dilu- 
tion of NRS than of EW. 

Susceptibility oj heated virus to NRS and 
EJF. Heating for 30 minutes at S6°C made 
all strains e.vcept PRS highly susceptible to the 
inhibiting action of EW. Inhibition titers of 
2560 to 5120 were obtained. The susceptibili- 
ty to inhibitor after heating of the virus was 
one hundred to several hundred fold greater 
with all strains except PRS with which the 


rise was only 4-fold. The effect of heating 
virus preparations to 56°C on the suscepti- 
bility to inhibition by serum was different. In 
5 strains the rise in susceptibilitj’ was 
only 2 to 4-fold and in the case of 
PRS and swine influenza strain 1976 this 
temperature had no measurable effect on the 
susceptibilitj’ to NRS. Especially striking 
was the behavior of the swine influenza strain. 
Its susceptibility to EW rose several hundred 
times, while its susceptibility to NRS was not 
changed. A similar observation with the same 
virus has already been made by Lanni and 
Beard." With two strains the rise in titer of 
NRS was 30 to 60-foId and thus ajiproached 
the values observed with EM''. 
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TABLE I. 

Influence of Tagatl ien on Frofliietion of Histainiiie-IiiJuccfl Ulcers in Guinea Pigs. 

Animals sliowing 
gastric pathology 


Treatment* Ko.animals No. <71 


K.alet 




11 

0 

0 

Kalet -f histamine} 



45 

44 

98 

Histaminet 




25 

2.3 

92 

Xo Vit. C -j- histamine}: 



7 

5 

71 

20 mg Vit. C -h histamine} 



c> 

5 

83 

4 ” tagatlien^ 




G 

0 

0 

4 M ff 

-4- histamine} 



G 

0 

0 

G ” 



- 

G 

1 

17 

0.1 ” ” 

) } y y 

-t- kalet 

0 

G 

100 

0.5 ” ” 

yy y y 


) y 

G 

G 

100 

2 y f yy 

y y yy 

y 

y y 

18 

10 

50 

o > j y y 

yy yy 

1 

y y 

12 

7 

58 

4 y y yy 

yy y y 

y y 

yy 

50 

24 

48 

G ” ” 

y y y y 

y y 

y y 

19 

9 

47 

8 ’’ 

yy yy 

y f 

y y 

G 

1 

17 

JO y y y y 

y y y y 

yy 

y y 

5 

1 

20 


* All groups receivefl basal diet as given except as noted, 
t Kale — fed nd libitum. 

t Histamine diphosphate (O.G mg) in distilled wafer injected i.m./pig flxAlf.''- 
j Tagatlien in distilled water orally/pig 2X/<Iay. 


histaminic to prevent histamine-induced ul- 
cers. It would appear that such a reduction 
in ulcer production in so large a group of 
animals clearly demonstrates the potent anti- 
ulcer properties of this compound. 

In addition to the above reported e.\peri- 
ments we have made preliminary investiga- 
tions on the influence of desiccated thjToid, 
thiouracil, dried liver cake, 15-unit liver ex- 
tract, insulin, thyroxine, tannic acid, 2,4-dini- 
trophenol and casein digests on the incidence 
of histamine-provoked gastric lesions.* None 
of these was found to have any marked pre- 
ventive or provocative activity. 

Summary. Conditions have been estab- 

sVan Meter, .T. C., unpuhli.shcd data. 


lished for the production of gastric lesions in 
guinea pigs by injection of aqueous histamine 
without considerable loss of animals due to 
fatal bronchial spasm. 

Tagathen causes a very pronounced reduc- 
tion in the incidence of gastric lesions pro- 
duced by this method. 

•In view of the favorable results obtained, 
it would seem that a study of the mechanism 
involved in the anti-ulcer effect produced by 
antihistaminic compounds of this type, should 
be made. 

We wish to .acknowledge the inv.'ilimhle technical 
assistance of Everett Snedeker in this work. 

Received April 20, 1949. P.S.E.B.M., 1949, Tl. 


17119 P. Blood Flow and O.xygen Consumption of the Brain in Coarctation 
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in a recent paper, the pyloric ligation method 
of Shay and coworkers” was used to evaluate 
the anti-ulcer effect of thephorin* (2-methyl- 
9-phenyl-2,3,4,9 tetrahydro-l-pyridindene).' 

In our initial attempts to establish an 
assay for the investigation of the influence of 
diet on histamine-induced ulcer, we tried the 
histamine in beeswax method. In our hands 
it frequently resulted in the death of a con- 
siderable number of animals due to bronchial 
spasm. To prevent this the animals were 
pretreated with tagathen* (N,N-dimethyl-N'- 
{2-pyridyl)-N'-(S-!chloro-2-thenyl) - ethylene- 
diamine citrate) or' with epinephrine. Under 
these conditions we were able to produce only 
an occasional gastric lesion in a large number 
of animals. After numerous trials it was found 
that gastric lesions could be consistently pro- 
duced by the intramuscular iniection of 0,6 
mg histamine diphosphate in an aqueous solu- 
tion twice daily. The number of deaths due to 
bronchial spasm was practically nil. This 
led to the study of the influence of diet and 
various drugs on histamine-induced ulcer in 
guinea pigs. 

Method. Hartley strain guinea pigs weigh- 
ing 200-350 g were divided into groups con- 
taining equal numbers of each se.\ and average 
weight. .Animals were placed in individual 
cages and fed the appropriate diet for 5-7 
days. At the end of this period the drug 
supplement was administered twice daily, 
morning and afternoon, one hour before the 
intramuscular injection of 0.6 mg histamine 
diphosphate in distilled water. Food was re- 
moved from cages before the first histamine 
injection and returned 2-3 hours after the 

3 Harkins, H. N., Hooker, V. H., Alford, T. C., 
Callander, J., Elliott, S. B., Kearns, Vt., ilitelmcr, 
J., and Cooley, H. A., Sul!. Johns IJopl-his Hos- 
pital, 1947, 81, 79. 

4 Vallcry-Eadot, P., Halpern, B. N., and Mar- 
tin, S.j'Presse McJ., 1947, 5o, 185. 

sHay, L. J., Vareo, E. L., Code, C. P., and 
tVaneenstecn, 0. H., Stirg., Gyncc. and Ohsi., 1942, 
73, 170. 

0 Shay, H., Komarov, S. A., Pels, S. S., Mercnze, 
D., Gruenstein, M., and Siplet, H., Gastroenterol- 

ogy, 1945, 5, 43. » , 

7 Lehmann, g 1, and Stcfko, P. L., J. Lab. and 

Clin. 3M., 1£»49, S4, 372. 


second injection. This treatment was con- 
tinued for 4yi days and all surviving animab 
were killed and autopsied. Animals suc- 
cumbing before the end of the test were 
autopsied as soon as possible after death. 
Animals were e.xamined for the presence or 
absence of gastric hemorrhages, erosions and/ 
or perforation. 

The synthetic diet used in this work has 
the following composition expressed in grams: 
Cerelose 500, Alcohol extracted casein' 220, 
Cellulose ISO, Gelatin 60, Salt mixture 50, 
Corn oil 20, Vitamin A 19,720 I.U., Vitamin 
D 2,360 I.U., Vitamin E 0.025, Vitamin K 
.0005, Riboflavin 0.005, Inositol 0.05, Thia- 
mine HCl 0.003, Pyridoxine HCl 0.005, Cal- 
cium pantothenate 0.02, Nicotinamide 0.01, 
p-aminobenzoic acid 0.01, Choline C! 1.0, 
Biotin 0.0001, Folic Acid 0.001. 

The animals were given 20 mg ascorbic acid 
orally 3 times per week. This diet was also 
fed with kale ad libitmu. 

Results. The results are presented in 
Table I. A high incidence of histamine- 
induced lesions were obtained on both the 
basal diet, and the basal plus kale ad libitum. 
On the former the percentage was 92%\ on 
the latter 98%. The omission or addition 
of extra ascorbic acid to the synthetic diet 
did not appreciably influence the effect of the 
histamine. 

Since our earlier work indicated that 
tagathen administration interfered with the 
production of ulcers by the histamine in 
beeswax technic, it was decided to investigate 
the effect of this antihistaminic drug thor- 
oughly. The data in Table I rather clearlj’’ 
demonstrate that the compound if given in 
sufficient dosage, will prevent a high per- 
centage of the animals from developing gastric 
lesions. This is attested b\' the fact that out 
of 92 guinea pigs receiving 4 or more milli- 
grams of this antihistaminic drug per dose, 
only 36 e.xhibited gastric lesions. A consid- 
erable number of those affected showed only 
minimal damage as compared to tl'eir con- 
trols. At higher dosages than 4 mg the per- 
cent incidence is further reduced. This, we 
believe to be remarkable in view of the pre- 
viously reported inability of this type of anti- 
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have had the opportunity to make measure- 
ments of the cerebral circulation in two pa- 
tients with hj^pertension limited to the upper 
part of the body by reason of their having co- 
arctation of the aorta. Our results indicate 
that the cerebral vascular resistance in these 
patients is lower than that found in essential 
hj^pertension. 

Methods. Cerebral blood flow, cerebral 
oxygen consumption, mean femoral pressure 
and brachial artery auscultatory pressure 
measurements were made in two patients with 
coarctation and in forty-five ndth essential 
h>-pertension.- The mean pressure of the co- 
arctation patients was calculated by using the 
diastolic pressure plus one third the pulse 
pressure as obtained by brachial arteiy aus- 
cultation.*'' The pressure in the carotid artery 
was assumed to be the same as the brachial 
artery pressure. The cerebral vascular re- 
sistance for the essential hypertension patients 
was calculated as previously described. - 

Results. These are presented in Table I. 
Cerebral blood flow and calculated mean caro- 
tid pressure are significantly increased when 
compared uith the mean values of the young 

31 ilcLeod 's PhysIologT in Modem Medicine, 
Stli edition, edited by Pliilip Bard, Cliap. 21, p. 
314. 


normal male." These data indicate that the 
cerebral vascular resistance in coarctation is 
normal, and is not increased as in essential 
hypertension. Cerebral o.xj'gen consumption is 
also increased with cerebral arteriovenous oxj'- 
gen difference not significant!}' different from 
the normals or h}pertensivss. 

Discussion. Because S.S. had different 
blood pressures in each arm the higher pres- 
sure (127 mm Hg) is assumed to be more 
representative of the pressure in the cerebral 
arterial circuit. These pressure values prob- 
ably underestimate mean carotid arter}”^ pres- 
sure by about 5 mm Hg because brachial 
artery auscultation is a lateral artery pres- 
sure measurement. This does not take the 
coarctation cerebral vascular resistance values 
out of the normal range. 

Summary. 1. Measurements of cerebral 
blood flow, o.xygen consumption and cerebral 
vascular resistance were made in two patients 
•with coarctation of the aorta. The resistance 
.to blood flow through the brain is found to 
be within the norma! range. 

2. This is in contrast with the increased 
cerebral vascular resistance of essential hy- 
pertension. 


Receired April 12, 1049. P.S.E.B.M,, 1049, 71. 
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vestigator of the hemodynamics in coarctation 
of the aorta to make for the first time an ac- 
curate estimate of the pressure-flow relation- 
ship in these regions. Reports concerning the 
circulatory . alterations in this malformation 
^ have not established decisively whether or not 
vascular resistance is increased uniformlj' 
throughout the body.®^^® Bing suggests that 
there is no generalized elevation of peripheral 
vascular resistance. This preliminary report 
is to present evidence showing that cerebral 
blood flow and o.wgen consumption in two pa- 
tients with coarctation are significantly in- 
creased above normal. 

Studies in this laboratory over the past four 
years have indicated that there is increased 
resistance to blood flow through the brain in 
arterial hypertension of unknown cause, this 
region sharing in equal measure the general- 
ized increase in vascular tone which is asso- 
ciated with essential hypertension.^--^^ 


■ t Tlie autliors T\isli to acknowledge tlie assist- 
ance of Drs. G. T. Schmidt, Scymovir S. Kety and 
William A. Jeffers in making these studies. 
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17120. Proteolytic Enzyme Inhibitors of Human Serum in Health and 
Disease. 

P. M. West and J. Hilliard.* (Introduced by A, White.) 

Fram the Department of Biophpsics, Sehoot of :Dc<lichie. Unirersiti/ of California at Los 
Angeles, and Birmingham Fetcrans Administration Hospital, Fan Xugs, Calif. 


The antiproteolytic power of blood serum 
has been described in the reports of Fle.xner 

‘ Tins work was aidod bj- grants from the Cali- 
fornia Institute for Cancer Rese.aTch and the 
Rexall Co. 

t ruldishcd with permission of the Chief Medi- 
cal Director, Department of Medicine and .Surgery, 
Veterans Administration, who assumes no respon- 
sibility for, the ojunions e.xprcs.sed or conclusions 
drawn by the authors. 

t The authors wish to express their gratitude 
to Betty Smith and Willard Kcyc for their ex- 
cellent ti'chnical assistance and to the follorving 
physicians who supplied valuable clinical material: 
C. K. Emery, II. C. Weaver, A. C. Mjetus,'and 
G. .T. Hummer. 


ct al.,^ Sure,- Weil and RusselP and Clark ct 
'll.* Following purification of several pro- 
teohTic enzimies it became possible to de- 
termine the probable nature of this enzjmie 
antagonism. Crystalline pepsin inhibitor iso- 
lated by Herriott'' and tnpsin inhibitor by 

* Flexner, L. B., Berkson. .1., Winters, H., and 
Wolman, I.. Pnoc. Sor. E.\p. Biou and AIed., 
l.hil't. 0.0 o. 

- Sure, B,. Biachem. J.. 1035. 29. 150S. 

3 Weil, L., and Bussell, M. A., J. Biol. Cliem.. 
193S. 120, 24,5. 

^ Clark, D. G. C.. Clifton, E. E., and Newton, 
B. L., Pboc. Soc. Ext. Biol, .vxd Med., 104S 09 
■276. 

3 Herriott, R. M.. .1. Gen. Phvsiol, 1041. 30J 
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TABLE I. 

Oecurrcnco of Abnormal Levels of Clmnotrypsin and Rcnnin Inhibitors in Various Groups of 

Patients. 



Xo. of 
coses 

.Abnormal chymo 

and/or rennin 


No. 


3. PregnuncT (nil stages) 

103 

88 

85.3 

2. iLnligimiicv (entire group) 

220 

130 

59.0 

’’ (.active, unfrc.atcd) 

” (treated) 

133 

118 

88.7 

87 

12 

13.7 

3. Allergy 

33 

9 

27.2 

4. .Acute infectious, active phase 
(bacterial and virus) 

17G 

45 

25.5 

!). Benign breast lesions 

33 

8 

n 

G. Cardiovascular (entire group) 

101 

20 

19.8 

’ ’ (decompensation) 

23 

12 

52.1 

” (hypertension) 

oo 

8 

3G.3 

7, Chronic infections (tuberculosis, syphilis. 

140 

26 

18.5 

coccidiomvcosis, bronchiectasis, etc.) 

S. Psvehoneuroses and psvehoses 

oa 

10 

IS.l 

fl. Traumatic damage and surgical procedures 

280 

45 

16.0 

(within 1 week) 

10. Peptic ulcer, ileitis, colitis 

11. Metabolic (diabetes, cirrhosis, nephritis. 

S3 

G 

7.2 

137 

7 

5.1 

arthritis, hyperthyroidism) 

12. Benign tumors (polvps, papilloma, 

75 

4 

5.3 

fibroinvoma, fibroma, lipoma, adenoma) 

13, Unclassified • 

346 

13 

3.7 

14. Healthy .sub.jects (including routine pre- 

218 

0 

0.0 

operative hernia, hemorrhoids, varicose 
veins, etc.) 

Total 

2000 

411 

20.5 


TABLE II. 

Pathological and Physiological States Influencing Cliyniotrvpsin and Rcnnin I nhibitors. 

A. Pathology influencing both cliyniotry])sin and rcnnin inhibitors with equal frequency. 

1. Pregnancy. 

2. Malignancy 

3. Trauma and surgery 

4. Cardiac decompensation 
.j. C'lironic infections 


B. Pathology influencing cliymotry|)sin inhibitor prcdominantlv. 

1. Acute infections (bacterial and virus) 

C. Pathology influencing rcnnin inhibitor predominantly. 

1. lij'pcrtcnsion 

2. Benign breast lesions 

3. Allergy 

4. Psyclioneu'roses 

ij. Fractures (healing .stage) 


24‘/f of cases 


31.87r 

24 ^ 

21 

IS.'l 

17.5 


exact condition of the patient at the time 
the inhibitor determination was made. Results 
were correlated with these facts and the con- 
clusions are summarized in Tables I and II. 

Dtscussioit. From a survey of data pre- 
sented, it seems probable that rennin and 
chymotrypsin inhibitors reflect different phas- 
es of metabolism, since the concentration of 
one is seen to vary independently of the other. 


However, in disturbances of fluid balance, 
both may follow the same trend. With 
diminished fluid output in persistent vomiting, 
bums, hemorrhage, shock, high fever or con- 
gestive failure, both values frequently increase 
together. That the full e.xplanau’on may be 
more complex is suggested by the fact that 
most of the above conditions are characterized 
by increased e.xcretion of adrenal cortical ster- 
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Kunitz and Northrop” have been shown to be 
highly specific, reacting to form inert disso- 
ciable complexes with the respective protein- 
ase. As a sensitive means of studying protein 
metabolism in various pathological states, an 
investigation of the role of certain of the cir- 
culating proteolytic enzyme inhibitors ap- 
pears to offer a new approach of considerable 
promise. This paper presents a method for 
quantitative estimation of both rennin and 
ch 3 'motr>psin inhibitors of serum, together 
with results obtained in a survey of 2000 pa- 
tients. 

Materials and methods. The method is 
based on the milk coagulating property of 
both chymotrypsin and rennin. Determina- 
tions are made on fresh serum or serum stored 
at ice-box temperature not over 24 hours. Fast- 
ing blood is not required. 1. Enzyme Standard- 
ization. (a) Chymotrypsin. Two to 3 mg 
crystalline chymotrypsin (supplied through 
courtesy of Spicer-Gerhart Company, Pasa- 
dena, California) are dissolved in 10 ml of 
distilled water. 0.2 ml of solution is pipetted 
into two 13 X 120 mm tubes containing 2.0 
ml of fresh homogenized milk (pH 6.6) which 
is at ice-box temperature. A stop watch is 
started, contents of tubes mi.xed quickly by 
rotation, and placed immediatel}' in a water 
bath at 37° ± O.r. If coagulation has not 
occurred in 9 minutes tubes are shaken gent- 
ly every 15 seconds. The time at which the 
first granular precipitation of calcium para- 
caseinate appears in the film on the wall of 
the tube is the end point. Dilution of enzyme 
solution is continued until the end point oc- 
curs at 10 minutes 45 seconds to 10 minutes 
50 seconds. This precise time is selected to 
provide reasonable stability of the enzj'me as 
well as optimum conditions for measurement 
of inhibitor. At 10 minutes, variation in in- 
hibitor levels is barely detectable, and over 1 1 
minutes, inhibition is too great for accurate 
measurement and the enzyme is unstable. It 
is essential that the enzyme activity fall e.\- 
actli’ within the 5 second time limitation. The 
enzyme will retain this activity for about 3 
hours. Stability is not improved by buffer- 

B Kunitz, Jt., and Nortlirop. .T. H.. J. Ge«. 
Phindol, 1930, 19, 991. 


ing. No variation attributable to natural 
homogenized milk as a substrate has been en- 
countered in over a v'ear of continuous use of 
the method. Powdered and condensed varie- 
ties are unsuited to accurate detection of the 
end point. Both milk and enzyme are kept 
in the ice-box e.xcept when actually in use. 
(b) Rennin. One rennet enzi'me tablet 
(“Junket” brand, Chr. Hansen’s Laboratory 
Inc., Little Falls, N. Y.) is dissolved in 80 ml 
of distilled water, -and filtered after 10 min- 
utes. Activity is adjusted as for chymotrypsin 
to an end point of 10' 55" to 11' 0". The dif- 
ference of 10 seconds between the two en- 
zymes allows measurement of inhibitors over 
a comparable range. 2. Determination oj In- 
hibitor. (a) Chymotrypsin inhibitor. Two 
control tubes and 6 others representing 3 dup- 
licate serum determinations are set up to- 
gether. Dilute serum 1:10 with distilled water 
and pipette 0.04 ml into each tube. 2 ml of 
milk is added and the contents mi.xed. Finally, 
0.2 ml of standardized chy'motrypsin solution 
is added quickly and accurately, a stop watch 
started, the eight tubes thoroughly mixed in 
20 seconds or less, and placed together in the 
water bath. At 10'45'’ when controls reach the 
end point the watch is reset. Units of inhibitor 
are the number of additional minutes required 
for the serum-containing tubes to reach the 
end point. Results must agree within 30 sec- 
onds. Failure to reach the end point 30 min- 
utes beyond the control is equivalent to com- 
plete inactivation of enzj’me and is therefore 
the ma.ximum reading. Time units are not 
related arithmetically to actual units but this 
correction is not applied, (b) Rennin inhib- 
itor. Proceed as above e,xcept that 0.05 ml of 
undiluted serum is required in this reaction 
and the ma.ximum value obtainable is 50 
units. 3. Interpretation, (a) Chymotrypsin 
inhibitor-, normal range 5-10 units; 13-30 
units abnormal, (b) Rennin inhibitor-, nor- 
mal ranges 5-10 (70%) and 20-50 units 
(30 fa); 13-18 units abnormal 
Residts. In this preliminary survey, 2000 
random blood specimens representing all avail- 
able types of pathology were studied. Six to 
8 weeks later, pertinent clinical and laboratory 
findings that had been collected on eacli case 
were assembled with special reference to the 
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TABLE I. 


Comparison of Total Body Water in Babbits Determined by AiitipjTine and Desiccation. 


Babbit 

Weight 

(s) 


Total water 


Difference in 
(Tr) 

r ' 

Autip^iTine Desiccation 

(ee) (%bodyivt) (ce) (^bodywt) 

1 

17S2 

1330 74.G 

1350 

75.8 


—1.2 

O 

1S4G 

1270 CS.S 

12S5 

G9.G 


— O.S 

3 

C60 

301 75.S 

481 

72.9 


+2.9 

4 

1172 

912 77.S 

902 

77.0 


+0.S 



TABLE II. 





Antipyrine in Tissues of Babbit 50 Minutes .After Intravenous Injection. 




AntiiJ.rrine in 

.Antip.vrine in 

Tissue water antipvrine 


Water 

wet tissue 

tissue water 

— 



Tissue 

(%) 

(7/g) 

(-r/i»’) 

Plasma water a; 

ntipyrine 

Pl.asm-a 

92.0 

39.G 

43.1 

1.00 


Heart 

7S.7 

30.5 

41.3 


.96 


Liver 

72.0 

33.2 

4G.1 

l.OS 


JIuscIe 

73.0 

31.2 

42.S 


.99 


Kiduey 

7S.G 

33.1 

42.1 


.97 


Lung 

71.G 

31.1 

43.5 

1.01 



was instantaneous and if none of the substance 
had been metabolized) is calculated b\' plot- 
ting the plasma levels on semilogarithmic 
paper as a function of time and e.vtrapolating 
the straight portion of the time concentration 
curve (50, 75 and 100 minutes) to the time 
of injection. The value for total body water 
is obtained by dividing the amount adminis- 
tered by the plasma water level at zero time. 

Amt of drug injected (mg)l 
Body wifer (liters) = ^ 

Plasma w.ater level (mg/L) 

After the last blood sample had been drawn, 
the animals were weighed and sacrificed. The 
total animals were ground, and the final mass 
was then spread over large evaporating dishes 
and placed in a vacuum desiccator at a tem- 
perature of 85°C for a period of 5-7 days until 
constant weight had been achieved. 

Since the rabbit, unlike a human, degrades 
antipyrine at a rapid rate (appro.ximately 
40% an hour), it appeared possible that the 
falling blood level indicated plasma degrada- 
tion and not the concentration of antipyrine in 
the entire bodj*. -Accordingly, the distribution 
of antipyrine in the tissues of a fifth rabbit at 
tlie end of 50 minutes was determined. The 
Water content of the tissues was determined 


by drying to constant weight at 100°C. The 
concentration of antipyrine in the tissues was 
measured and then calculated in terms of 
tissue water. The antipjTine is estimated 
directly in the plasma filtrate after deprotein- 
ization with zinc hydro.vide. Sodium nitrite 
is added and the resulting 4-nitroso antipitine 
measured in a spectrophotometer at 350 mu.“ 

Results. Comparison of the values obtained 
for total body water by antipyrine method and 
desiccation indicates close agreement between 
the two methods, thus confirming that anti- 
pj'rine can be used as a measure of total body 
water (Table I). 

The data of Table II demonstrate that the 
ratio of concentration of antipi-rine in the 
tissues to that of plasma is one. Thus, the 
plasma concentration reflects the level of anti- 
p\’rine in the entire body. 

Summary. The close agreement obtained 
for the values of total body water by the use 
of the antipyrine method and desiccation, in- 
dicates the validity of this procedure for the 
purpose of measuring total body water. 

2 Brodie, B., Axelrod, J., Soberman, B. J., and 
Levy, B., J. BioJ. Chem., 1940, 170, 25. 

Bcccived .\pril 5, 1940. P.S.E.B.iL71l9497~7l! 
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oids having a profound influence on protein 
metabolism. Factors which influence the 
rennin inhibitor predominantly further impli- 
cate the steroid hormones. The association 
of estrogens with certain benign breast hyper- 
plasias is well known and the significance of. 
stimulated estrogenic or androgenic activity 
in healing fractures has been demonstrated by 
Albright and co-workers.' Rennin inhibitor 
may increase also in many of the psychoses 
which have been shown by Pincus and El- 
madjian® to exhibit diminished adrenal re- 
sponse to stress. The une.xpected finding that 
a high percentage of the hypertensive and 
allergic groups have abnormal rennin inhibi- 
tor levels is of interest but difficult to inter- 
pret. Studies to determine the direct effects 
of steroid hormone administration on the pro- 
teolytic enzyme inhibitors are being under- 
taken. ' 

Pregnancy is usually accompanied by a 
pronounced elevation of both inhibitors in 
the mother’s circulation. In contrast, the cord 
blood of the newborn is high only in rennin 
inhibitor, while the other is very low. 

A study of malignanq^ by this method re- 

f Albright, F., Bloomberg, E., and Smith. P. H., 
Trans. Assn. Am. Fhys., 1940, 55, 29S. 

S Pincus, G., and Elmad.jian, P., J. Clin. En- 
docrinol., 1946, 0, 285. 


veals a characteristic but fluctuating picture, 
the host doing well clinically when the rennin 
inhibitor only is elevated, as occurs early, or 
at intervals in the course of the disease, but 
failing rapidly when the cht'motrjTDsin inhibi- 
tor rises very^ high and rennin inhibitor drops 
to low levels (unpublished data). Obviously, 
it would be impossible to diagnose malignancy 
by these methods since an increase in inhibitor 
of either proteolytic enzj'me is not specific for 
cancer. The inhibitor concentrations are pro- 
foundly' influenced by' radiation therapy and 
surgical e.xcision, and thus a low percentage of 
abnormal inhibitor levels was noted in treated 
cases. Repeated observations on the serum 
inhibitors in cases with neoplasm may prove 
to be of considerable prognostic value and may 
indicate when further treatment is required as 
well as the effectiveness of the treatment given. 
This appears to us to be the chief value of the 
method as applied to the cancer patient. This 
aspect of the problem is being e.xtended at the 
present time. 

Summary, hlethods are described for the 
determination of chy'motrypsin and rennin 
inhibitors ih serum. The many physiological 
and pathological conditions which influence 
their concentration are discussed. 


Received Anri! 4, 1949. P.S.E.B.M., 1949, 71. 


17121. A Comparison of Total Body Water as Determined by Antipyrine 
and Desiccation in Rabbits. 


Robert J. Soberman. (Introduced by' Joel Warren.) 

From the Army Medical Deparimeni Eesearcli and Graduate School, Army Medical Center, 

Washington, E.C. 


A method for determining total body water 
which employs the volume of uniform distri- 
bution of antipyrine, an analgesic drug, has 
been described recently.^ Further support for 
the antipyrine method is presented in the 
present paper which records the values for 
total body water estimated by the antipyrine 


1 Soherman, R. T., 
Levv, B., Axelrod, J., 
CTrm.,1949, 179, '31. 


Brodie, B., Hollander, T., 
and Steele, J. >t., J- Biot. 


procedure and the values obtained by' actual 
desiccation of the experimental animals. 

Experimental. Four rabbits were injected 
intravenously' with 60-240 mg of antipy'rine 
according to body weight (approximately 100 
mg/kg). Blood samples were drawn from 
each animal at 50, 75 and 100 minutes follow- 
ing the administration of the drug. The zero 
time plasma concentration (the concentration 
at the time of injection if uniform distribution 
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TABLE I. 

Exjierimcntal Hypertension. Blood pressure ch:inges associated witii stenosis of tiie tlioracic 

aorta in the dog. 


Blood pressure Blood pressure 

in min mercury in mm mercury 


Days after 
constriction 

Mean 

Femoral 

S/D 

Mean 

Carotid 

S/D 

Normal 

127 

10.5/108 

126 

149/310 

6 

45 

45/45 

1.3S 

161/110 

10 

133 

151/121 

158 

200/137 

30 

157 

181/135 

190 

233/149 

40 

109 

184/354 

197 

230/102 

124 

170 

199/167 

238 

292/198 


S = Systolic. D = Diastolic. 


TABLE H. 

The Blood I’rcssurc Changes Associated Avith Exjicrimcntal Coarctation of the .Aorta in Dogs. 

Normal blood pressure Duration of Last recorded blood pressure 

.Animal Femoral Carotid aortic constriction, Femoral Carotid 


No. 

M 

S/D 

M 

S/D 

mo. 

M 

S/D 

M 

S/D 

14 

118 


124 


14 

133 

144/123 

158 

185/130 

10 

128 


130 


5 

190 


222 


'to 

1.34 


140 


13 

354 

370/137 

193 

241/100 

29 

127 

10.5/108 

120 

149/110 

4 

170 

199/107 

238 

292/198 

31 

125 

157/107 

101 

184/14G 

3 

102 

170/157 

239 

299/199 


Mean jire.ssure. S = 

Sy.stolic. D = Diastolic. 






pulse pressures below the constriction that 
persisted. This might be interpreted as evi- 
dence for renal origin of the hypertension as 
suggested by Kohlstaedt and Page.’’ 

The substitution of a rigid narrow tube for 
a section of the aorta would alter the charac- 
teristics of the pulse waves above and below 
the constriction; but this would not explain 


•' Kohlstaedt. K. G., and Page, I. II., .1. Jij-p. 
Mrtl., 1040, 72, 201. 


the marked elevation of the blood pressure 
that occurs in experimental stenosis of the 
aorta. 

Sin>i7}tary. 1. By stenosis of the thoracic 
aorta in dogs, arterial hypertension can be 
produced above and below the stenosis. 

2. This type of e.xperimental hypertension 
has many of the characteristics observed in 
the hjT>erlension occurring in coarctation of 
the aorta in man. 

Kcccivcd March IS, 1949. F.S4.E.B.M., 1949. 71. 
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17122. Arterial Hypertension Produced by Experimental Stenosis of the 
Thoracic Aorta. 


W. C. Sealy. (Introduced by J. W. Beard.) 

From ihe Dcpartmrnt of Sttrgcry, Division of Thoracic Surgery, Duke Uiiircrsity School of 

Medicine, Durham, M. C. 


-Arterial hypertension has been produced 
in dogs by stenosis of the thoracic aorta. The 
hypertension is sustained and has many of 
the characteristics of that observed in coarcta- 
tion of the aorta in man. 

Materials and methods. The method of pro- 
ducing permanent and prolonged stenosis of 
the thoracic aorta in dogs, described in detail 
elsewhere,^ consists in the substitution of a 
section of Incite tubing for a segment of the 
aorta. This tube is designed to reduce turbu- 
lence by making the bore hourglass in shape. 
In the dogs used in this experiment, the tube 
was 3.7 cm long with 3 mm as the narrowest 
diameter. The lumen of the aorta was reduced 
in the dogs in this group appro.ximatelv 75 to 
85%. 

Blood pressure records were obtained by 
direct puncture of the femoral or carotid 
arteries and measurement of the pressure with 
either a mercury or Hamilton manometer. 
From the records obtained with the Hamilton 
manometer, the systolic and diastolic pres- 
sures ■were calculated. Mean pressures were 
obtained either from estimations with the pla- 
nimeter of the area under the pulse waves, or 
read directly from the mercurj’- manometer. 
All blood pressure determinations were made 
with the animals under nembutal anesthesia, 
27 mg per kg of body weight. 

Results. There were 11 of 16 dogs that sur- 
vived the operative procedure. Six of the 
1 1 died at interx'als of 7 daj's to 3 weeks after 
operation, 4 dying because of spastic paralysis 
of the lower part of the body. Of the 5 
animals that survived for longer than one 
month, 4 are still living. One dog died at 
the end of 4 months from unknonm cause. The 
remainder are still living at intervals of 4 
to 14 months after stenosis of the aorta. 

C., and McSmiiii, Gmrgc H., .Siir- 

grry, in press. 


The changes in the blood pressures in these 
animals has followed, in all instances, a defi- 
nite pattern as demonstrated in Table 1. The 
femoral mean pressure has shown a drop after 
operation that persisted in some animals for 
as long as 7 days; but by the 14th da}" the 
pressure returned to normal. .After 2 weeks 
the femoral mean pressure increased above 
the normal. The carotid mean pressure in- 
creased b}" the end of the first rveek to levels 
well above normal, and by 14 days reached 
hypertensive levels. The mean pressures in 
both the femoral and carotid increased during 
the next 3 months. After this time there was 
in the 2 dogs observed for one year, a de- 
crease in the mean pressure both above and 
below the constriction, but the pressure still 
remained in the hypertensive range. The re- 
sults with 5 animals are tabulated in Table H. 

Recordings of the blood pressure with the 
Hamilton manometer have shown a large in- 
crease in the pulse pressure above the con- 
striction and a decrease below. The diastolic 
pressures both above and below the constric- 
tion have increased along ■with the rise in the 
mean pressure. 

Discussion. The e.xperiments described 
here show that severe arterial hypertension 
can be produced in dogs by stenosis of the 
thoracic aorta. The various mechanisms that 
contribute to the elevation of the blood pres- 
sure are not evident from these results. It 
has been suggested that the hypertension in 
coarctation of the aorta is renal in origin." 
Though the blood flow to the kidner's is not 
recorded in these e.xperiments, it is interesting 
to note that for only about 14 da 3 's ■\vas the 
mean pressure below the constriction lower 
than the normal. After this inten’al there was 
a progressive rise in the mean pressure. On 
the other hand, there was a diminution in the 

2Rvt.ni(l, n. .A., .r. Clin. lOSS. 17. a'll. 
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TABLE I. 

Tlic Blood Volume of tlio Adult Eat as Determijicd with Kcd Blood Cell? Doubly-labelled with 

Fe39 and Pa-. 


Eat 

Xo.' 

Body wt 
in 8 

Hem.ntocrit 

Blood Tol. 

(Pe59) 
cc/100 g 
body wt 

Blood vol. 
(P.-S!) 

ce/100 g 

body Tvt 

Tom] red 
cell vol. 

(PSS) 
fc/100 g 
body wt 

1 

20.1 

4.5, 

5.0(5 

5.26 

2.36 

a 

213 

45.5 

4.09 

5.58 

2.54 

3 

185 

44 

4.97 

5.13 

2.20 

4 

198 

43.5 

5.81 

5.95 

2.58 

5 

190 

49 

3.03 

3.94 

1.93 

C 

180 

53 

4.2S 

4.10 

2.17 

7 

185 

48 

4.11 

4.32 

2.07 

S 

174 

50 

4.30 

4.31 

2.10 

9 

170 

50 

4.41 

4.12 

2.00 

10 

233 

40 

4.98 

5.30 

2.40 

11 

202 

50 

4.95 

5.10 

2.55 

12 

218 

48 

5.74 

5.27 

2.53 

Avg 

190.3 

47.7 

4.75 

4.87 

o 


" Eats 1-9 were males; 10-12 lactating females. 


counting was 1^. The Fe“® was assayed by 
a modification of Peacock's method.” The 
blood samples and the diluted standard were 
placed in 25 cc Erlenmeyer flasks; 10 mg of 
carrier iron, as ferric chloride, were added to 
the sample which was then dried at 70°C. 
After drying, 3-5 cc of concentrated nitric acid 
were added and evaporated to diyness. The 
ashing was completed with concentrated sul- 
furic acid and 30% hydrogen peroxide. The 
sulfuric acid solution of the ash was trans- 
ferred to a centrifuge cone and the iron pre- 
cipitated with concentrated sodium hydroxide. 
.After centrifuging, the supernatant was dis- 
carded. the precipitate was redissolved in 0.25 
cc of concentrated hydrochloric acid, the pre- 
cipitation and centrifugation repeated, and the 
supernatant again discarded. The final pre- 
cipitate was dissolved in 0.25 cc concentrated 
hydrochloric acid. The solution was trans- 
ferred to an electrodeposition cel! containing 
35 cc of plating solution (one part saturated 
oxalic acid and five parts saturated ammon- 
ium oxalate). The iron was electro-deposited 
at 0.8 amperes and 12 volts in an apparatus 
designed by Dunn.‘- The samples and the 
standard were counted on a thin end window 

II re.'icopk, w. r., Evans. E. TV.. Irviuc. .T. IV.. 
.It,. W. M., Kip, A. F., Wpj.ss, .and Gib- 

son, ,1., II. .1. Ctin. Invest., 194G, 25. 00.1. 

I- Dioin, E., Douner L.abur-itory, Eniv uf Oilif. 


Geiger-Mueller counter. The probable error 
of counting was 1%. 

Results. The blood volume as determined 
by both Fe‘’® and P®-, together with the total 
red cell volume, the hematocrit and the body 
weight of the Group I animals are presented 
in Table I. The same determinations for the 
Group II animals, except the Fe”® volumes, 
are recorded in Table II. The coefficient of 
correlation between the blood volurrie and 
hematocrit was 0.64. The standard deviation 
for all of the animals was not significantly dif- 
ferent from the standard deviation for groups 
of litter mates. The average blood volume as 
determined by P®- for both groups, ex'cluding 
the lactating females, was 4.59 ± 0.57 ceV 
100 g body weight: the total red cell mass 2.16 
i; 0.20 ccS'/lOO g body weight and the hema- 
tocrit 45.S ±: 2.9.!' 

Discussion. The values reported using vital 
red are 4.3 cc/lOO g body weiglit (1937)*; 
6.3S cc/100 g bod}' weight (1933)-; 6.9 cc/ 
100 g body weight (1928)®; and 7.4 cc/100 g 
body weight (1929)'*; with the use of Evans 
blue (T-1824)-7.6 cc/100 g body iveight 
(1944)5 and 7.98/100 g body weight (1941)," 
The total red cell volume was reported as 
2.95 cc/100 g body weight;® 3.45 cc/lOO g 
body weight;® and 3.90 cc/100 g body weight." 

The good agreement between the values of 


deviiifion. 



1/123. The Blood Volume of the Adult Rat, as Determined by Fe'» and P^- 
l-abelled Red Cells.^ 

Nathaniel I. Berlin, t Rex L. Donald C. I^an Dyke,« and Thomas G 

Hennessy. (Introduced by John H. Lawrence.) 

From the Donncr Laboratory, Division of Medical Physics, the Padiation Laboralorv, and the 
Department of Physics, University of California, Berkeley. 


The measurement of the blood volume of 
the rat by the use of plasma diluents has been 
reported by several investigators,^''^ but there 
have been no reports on the use of labelled 
red blood cells for this purpose., 

Fe'" given enterally or parenterally has 
been shown by Hahn and co-workers' to be 
incorporated into the red blood cell as an in- 
tegral part of the hemoglobin molecule. The 
plasma iron does not exchange with the iron 
incorporated into the hemoglobin.® Hev.esy 
and Zerahn® have modified the Hahn and 
Hevesy^® method for determining the total 
red cell volume by using red blood cells la- 
belled by the incorporation hi vitro of P®®. 
Red blood cells may be labelled by both of 
these methods for use in the determination of 
the circulating blood volume. 

* This work was supported in part by tlic 
Atomic Energy Commission. 

i National Cancer Institute Post Doctorate Re- 
search Fellow. 

i A.E.C. Post Doctorate Research Fellow. 

i Institute of Experimental Biology, University 
of California. 

1 Griffith, .1. Q., and Campbell, R., Proc. Soc. 
Ext’. Biol, and Med., 1937, 30, 3S. 

V Orten, J. 31., Underbill, F. A., JIugrage, E. R., 
and Lewis, R. P., J. Biol. Chem., 1933, 99, 457, 

•a Cartland, G. F., and Koch, F. C., Am. J. 
Physiol., 3928, Bo, 540. 

4 Went, .S., and Drinker, C. K., Am. J. Physiol., 
1929, 88, 4G8. 

5 Metcalf, J., and Favour, 0. B., Am. J. Physiol., 
1944, 141, G9T. 

« Beckwith, J. R., and Clianiitin, A., Proc. .Soc. 
Exp. Bion. asd Mnn., 1941, 40, 6G. 

7 Halm, P. F., Bale, IV. F., Hettig, R. A., and 
Whipple, G. II., Science, 1040, 02, 131. 

SHahn, P. F., Bale, W. F., Lawrence, E. O., 
and Whipple, G. H., J. Erp. Med., 1939, 09, <31. 

9 Hevesy, G., and Zerahn, K., Acta Physiol. 

Scand., 1942, 4, 376. , , p, • , 

10 Hahn, L., and Hevesy, G.. Acta Phystol. 

Scand., 1940, 1, 1. 


Method. The first of the 2 groups of animals 
u.sed consisted of 12 adult Slonaker rals, of 
which 3 ivere lactating, the second group of 
30 adult rats (the first generation of a cross- 
breeding of highly inbred Slonaker and Cur- 
tis Dunning rats). In each group the blood 
type of all animals was the same. The indi- 
viduals of Group I were given doubly labelled 
red blood cells, those of Group 11, cells la- 
belled only ivith P®®. 

A single animal was injected intraperitoneal- 
ly with a solution of Fe®, as ferric chloride, 
buffered with sodium citrate and adjusted to 
pH 6. After sufficient time had elapsed for 
the Fe^® level in the blood to reach a constant 
value, approximately 5 cc was withdrawn into 
a heparinized syringe by cardiac puncture, 
placed in a paraffined 25 cc Erlenmeyer flask 
and incubated with P®® as (A^asHP^O.]) at 
37°C for 2 hours with constant rotation. The 
cells were ivashed 3 times by adding isotonic 
saline solution, centrifuging and removing the 
supernatant fluid. Then plasma containing 
no P®® w'as added to the washed cells to re- 
constitute whole blood. Ether anesthetized 
animals in Group I and nembutal anesthetized 
animals in Group JI were injected into the 
tail vein wdth 0,2 cc of this reconstituted blood. 
After 3 minutes approximately 1.0 cc of blood 
ivas w’ithdrawn by airdiac puncture, 0.1 cc 
being used for the determination of P®® con- 
tent, 0.5 cc for the determination of the Fe®® 
and 0.25 cc for the measurement of the 
hematocrit in Smith hematocrit tubes. Stand- 
ards were prepared bi' diluting 0.2 cc of Uie 
reconstituted blood in 25 cc of distilled water. 

The was assa 3 'ed by drying O.I cc of 
blood on a piece of lens paper on a thin 
aluminum foil, wrapping the lens paper and 
aluminum foil in cellophane and counting on 
an Eck-Krebs counter-tube. In a similar 
manner, O.I cc of the diluted standard was 
mounted and counted. The probable error of 
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17124. Serum Cholinesterase in Hyperthyroidism. 

Leo Gitman, Irving J. Greenblatt, and Nathan Mitchele. 
From the iMhoratorics, Feth-El Hospital, Bronhlyn, y. T. 


Conflicting reports have appeared in the 
literature concerning serum cholinesterase 
levels in hyperthyroidism. .A.ntopol ef al.,^ 
reported an increased serum cholinesterase 
level in twenty-two cases of untreated hi^per- 
thjToidism and a return toward normal values 
in 13 cases treated by iodine or operation, hlil- 
horat,- ButC and Faber^ reported normal 
values in several cases of hyperthyroidism. 
During preparation of this manuscript an ab- 
stract of a paper by .\mbrus et al/ came to 
our attention. They recorded signifi(cant 
changes in the serum cholinesterase in diseases 
of the thyroid gland as observed clinicallj- and 
experimentally. They found that thiourea 
derivatives lowered the high values in clinical 
and €.xperimental hj-perthyroidism. 

It is the purpose of this communication to 
present our findings in normal and hjperthy- 
roid patients. 

Methods. The serum cholinesterase was 
determined in cases of euthvToidism, hj^per- 
thyroidism, and non-toxic adenoma. The 
diagnosis was made by clinical appraisal, 
laboratory findings, response to ON-propyl- 
thiouracil and/or microscopic examination of 
the surgically excised thyroid glands. 

t'enous blood was allowed to clot, the serum 
separated and a few drops of chloroform 
added to the latter for preservation. The 
method of determining serum cholinesterase 
was a modification of Stedman’s procedure''’ 
where the serum and substrate were titrated 

' Antopol, W., Tucliman, L., and Pcliifrin, -A., 
Proc. Soc. Exp. Biou Med., 1937. SO, 46. 

Milliorat, A. T., J. Clin. Invc.st., 1938, 17, 649. 
•■'Butt, II. R., Comfort, M. tV., Dry, T. ,T., and 
Osterljerg, A. E.. J. Lab. anil Clin. Med., 1942, 
27, 649. 

Kal>or, M.. .Irla Med. grand., 1943, 114, 59. 

•'• AmEins, K., and .Ambrus, O.. Orvosaf: Lapja, 
1947. S, 86,') (cited in Frcerpln Mcilicn, 1947, 1. 
Alist. No. 473, p. 169), 

"Stedman. E.. Stedman, E., and Easson. E. H., 
Biorlicni. .7., 1932, 20, 20.76. 


at a temperature between 36-3 7°C using m- 
cresol purple as the indicator. The titration 
was discontinuous, and was carried out at two 
10 minute intervals. The average value ob- 
tained was used as the final figure. 

Results. The range based on determina- 
tions in 33 normal adults, was 0.30-0.52 unit 
with the exception of 3 values (3 cases), 0.62, 
0.62. and 0.22 unit. Of this series 23 were 
males in whom the range was 0.22 - 0.52 
unit with an average of 0.42 unit. In the 
10 females the comparative values were 0.39- 
0.62 with an average of 0.51 unit. 

In Fig. 1 a summary of the findings is pre- 
sented. Of the 18 cases of hiperthyroidism 
that were investigated 11 came under our 
observation before therapy was instituted or 
during therapy insufficient to produce an ade- 
quate clinical response. In this group the 
values ranged from 0.68 to 1.45 units and all 
but one case was higher than 0.70 unit. In 
4 of these patients only an initial cholinester- 
ase value was obtained. The remaining seven 
cases in this group were followed bj’ subse- 
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Blood Volume Determined by Fe"’-' and P"- Labelled Red Cells 


TABLE II. 

Blood Volume of tlie Adult Kat as Determined by P-*- Labelled Red Blood Cells. 


Rat 

No.* 

Body wt 
ing 

Hematocrit 

Blood vol. 

(P;k) 
cc/100 g 
bod.v wt 

Total red 
cell vol. 

(P:ia) 
cc/100 g 
body wt 

13 

260 

49 

4.27 

2.08 

14 

240 

45 

4.92 

2.20 

16 

ISO 

46 

4,77 

o oo 

17 

165 

43 

5.02 

2.18 

18 

1.50 

45 

4.17 

l.SS 

19 

230 

46 

4.87 

2.20 

20 

240 

47 

4.34 

2.04 

21 

230 

54 

3.96 

2.13 

22 

260 

47 

3.92 

1.85 

23 

230 

48 

4.13 

1.98 

24 

185 

50 

3.46 

1.78 

25 

225 

45.5 

5.50 

2.31 

26 

232 

47 

5.39 

2.54 

27 

237 

47 

4.33 

2.10 

28 

190 

45 

4.84 

2.30 

29 

257 

44 

4.82 

2.17 

30 

225 

47 

5.11 

2.08 

31 

210 

44 

4.24 

2.04 

32 

205 

50 

4.14 

2.12 

33 

215 

50 

4.41 

2.51 

34 

235 

50 

4.94 

2.20 

35 

230 

44 

4.52 

1.99 

36 

295 

43 

4.00 

1.72 

37 

315 

46 

4.23 

1.95 

38 

320 

48 

4.66 


39 

240 

46 

4.50 

2.07 

40 

200 

44 

4.35 

1.91 

41 

235 

43 

4.81 

2.07 

42 

245 

48 

4.65 

2.23 

43 

260 

45 

4.99 

2.25 

44 

240 


3.79 


Avg 

231.7 

45.0 

4.52 


♦Rats 13-14, 

16-17, 19-23, 

25-26, 27-30, 31-32, 

33-34, 35-37, 39-40, 

40-42, 24 and 44 were 

litter iii.ates; 16, 

17, 18, 24 and 44 'were females. 




the blood volume as obtained by Fe”® and by 
labelled red blood cells permits the use 
of the P"- labelled red blood cells for the de- 
termination of the blood volume of the rat. 
The use of P“ thus eliminates the compara- 
tively lengthy and tedious processes required 
for the accurate assay of Fe=®. In addition 
it eliminates the need for building up in a 
donor animal red blood cells ivith a concen- 
tration of Fe^® sufficient so that a large dilu- 
tion of a small amount of the donor cells may 
be accurately determined by measurement of 
the amount of Fe®® present in the diluted 

sample'. 


Conclusions. 1. The blood volume of nor- 
mal rats determined by the use of Fe"® 
labelled red blood cells is essentially the same 


as with P®® labelled cells. 

2. The use of P®® labelled red blood cells 
is hence satisfactory for the determination of 
blood volume. 

3. Determinations with P®® indicate that tlie 

blood volume of the normal rat is 4.59 ± 
0 57/cc 100 g body weight; the total red cell 
volume 2.16 ± 0.20 cc/100 g body weight; 
and the hematocrit 45.8 ± 2.6. 


Rt.oeiv..l -Atan-h 22, IPlf. P.S.E.R.M.. 194P, 71. 
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17125. The Xanthine Oxidase Activity oi Rat Tissues."' 

W. W. Westerfeld akd Dax A. Richert. 

From Dcpnrtmcni of FiochemUlry, Syracuse University CoUcyc of Medicine, Syracuse, K. r. 


The scattered distribution of xanthine oxi- 
dase in various organs of different species has 
been summarized by Morgan.* In general, it 
is absent from embrj'onic tissue, but appears 
shortly after birth. It is present in the livers 
of most, but not all, species and is encoun- 
tered frequently in kidney, spleen, lung, small 
intestine and occasionally in pancreas. It has 
not been detected in muscle, thymus, stomach 
or large intestine of those species studied. 

The purpose of the present communica- 
tion is to consider 1 ) the relative amounts of 
xanthine oxidase in various rat tissues, and 2) 
the changes in the enzyme activity of these 
tissues as the liver xanthine oxidase is depleted 
by dietary means. 

Methods. Adult rats weighing 200-300 g 
were used throughout. Normal xanthine oxi- 
dase levels were obtained in rats maintained 
on Purina dog chow. Liver xanthine oxidase 
was depleted by feeding rats a purified 8% 
casein diet- for 4 to 8 weeks. The xanthine 
oxidase activity of various organs was de- 
termined by the method of .Axelrod and Elve- 
hjem.-'’’ .Added xanthine oxidase was prepared 
from milk by the method of Ball.'' 

Results. Table I shows the average xanthine 


oxidase activity of the normal rat tissues 
studied, together with the effect of adding 
methylene blue or purified .xanthine oxidase. 
The amount of enzyme present in each tissue 
giving rise to the activity actually found could 
not be evaluated by a direct comparison of 
activities. -Added xanthine oxidase was re- 
covered nearly quantitative!}' when added to 
lung, spleen, or kidney, but was recovered in 
increased amounts when added to liver; 
hence a given weight of enz}Tne was more 
active in liver than in the other tissues. 
The enzyme was destroyed in the presence of 
homogenized small intestine; not only was 
the added .xanthine oxidase not recovered, but 
in many determinations the activity fell off 
rapidly. All values for small intestine were 
therefore minimal, but alterations •ndth diet 
were comparable because they were all de- 
termined in the same way. 

The effect of adding o'.lS cc of 0.0113 M 
methylene blue in the aerobic determination 
of xanthine oxidase was not the same for all 
tissues. When added to the isolated milk 
.xanthine oxidase or to liver homogenate, 
methylene blue increased the activity by an 
average of 3.0 and 1.6 times respectively. 


TABLE I. 

X.niitliiiio O.xitt.g.sD .Activity of Xonii .'il R;it Tissuc.s. 

Xaiitliiiie oxidase netivity 


( ■!imiO-/K dry \rt/lir CmmO.y'eO min. 



No. of 
fli'tor- 
minntioRS 

/ 

Range 

Mc.m 

iS.E. 

M. blue 
added 

Present 
in tissue 

X.O. 

added 

Total 

found 

X.O. 

Tcpoverefl 

I.ung 

7 

.59.")-G3n 

479 ± 30 

500 

12 

17^ 

27 

17 

.Spleen 

s 


.734 ^ 35 

525 

13.5 

]7 

29 

1.5..5 

Kidnev 

7 

0-19.") 

135 S: 23 

345 

3.5 

17 

18.7 

17 

Small intestine 

s 

4.70-510 

C2S ± 42 

11,50 

14 

17 

17 

3 

Stomach 

() 

0-87 

42 ± 19 

120 

— 

— 

— 

— 

Liver 

12 

147.7-2.520 

1SG2 ± 75 

2790 

53 

1S.5 

S3 

30 


* Aided t)y a grant from tlio Xutrition Foiiiid.T- Science, 104!>, 10!), GS. 
tion, Inc. •' .Axeirod, E., iiiid Elvolijefti. C. -A., J. Biol. 

1 Morgan, E. .T., Biochem. ,7., WiC, 20, 12S2. Clicm., IGIl. HO, 725. 

e Wcstevfcld, \V. W.. and Bicticrt. Dan A., •• Ball, E. G.. ,r. Biot. Cfirni., 19.59, 128. 51. 
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Serum Cholinesterase in Hyperthyroidism 


SERUM CHOUNESTERASE VALUES IN THYROID DISEASE 

0»'W**4 C» Trw'ed fcVlOftOliV^ Aiftwro 

Ir'ad’OJC^ W>»t tfc 

Th*nr» Hyt*»tfY«Ddftm 



quent cholinesterase levels during adequate 
therapJ^ There appeared to be no correla- 
tion between the severity of the hyperthyroid- 
ism and the level of serum cholinesterase. 

In 7 additional cases determinations were 
made only after adequate therapy had been 
instituted, so that a total of 14 cases was 
observed after good clinical response to anti- 
thyroid treatment. The values of this group 
of 14 cases were uniformly below 0.70 unit 
and varied from 0.35 to 0.68 unit. There 
were 3 types of cases in this category'-, I) 
iodine and thyroidectomy (3 cases), 2) 6N- 
propyl-thiouracil, iodine and thyroidectomy 
(6 cases), 3) 6N-propyl-thiouracil alone (5 
cases). All cases regardless of the t3TJe of 
therapy reacted in the same manner. In Fig. 
2 is presented a summary of the results ob- 
tained in all cases. 

Three cases of non-to.\ic adenoma were ob- 
ser\'ed. In 2, normal values were obtained; a 
definitely high value was found in the third 
case. This finding is at present unexplained. 

Of interest were the following 3 cases -with 
increased basal metabolic rate in whom a 
clinical diagnosis of hyperthyroidism was in- 
itially entertained but subsequently ruled out. 

1. Female, age 55; severe psychoneurosis, 

BMR plus 67% 


2. Female, age 67: metastatic carcinoma of 
cenucal lymphnodes with tracheal pressure 
symptoms; BMR plus 63, 66%. 

3. Female, age 49; dyspnea, palpitation, 
fibrillation and pedal edema; BMR plus 52%, 
plus 63%; no response to 6N'-propyl-thioura- 
cil. Normal values for serum cholinesterase 
were found in each case. 

No relationship was found between the 
serum cholinesterase level and BMR, cepha- 
lin cholesterol flocculation test, total serum 
protein or albumin and globulin. In this re- 
spect, our findings conflict with Uiose of 
Faber," who found a direct relationship be- 
tween the cholinesterase activitj’' and serum 
albumin. A tendencj^ to an inverse relation- 
ship e.xisted between the levels of the enzjmie 
and serum total cholesterol. 

Discussion. The data presented demon- 
strates an increase in the cholinesterase of the 
serum of hj'perthyroid patients. Its signifi- 
cance is at present uncertain. In those cases 
in which 6N-propyl-thiouracil was used pre- 
operativel}', the serum cholinesterase returned 
to normal values concomitant with tlie im- 
provement in clinical state and subsequent 
thyroidectomy did not cause a further de- 
crease. 

Summary. Observations on 18 cases of hy- 
perthyroidism are presented. This condition is 
characterized by significantly increased levels 
of serum cholinesterase. These values re- 
turned toward the normal range with adequate 
antithjToid tlierapj'. Of 3 patients with non- 
toxic adenoma of the thyroid, 2 were in the 
normal range and one showed a high value. 
No definite relationship was found between 
serum cholinesterase and basal metabolic rate, 
total serum protein, albumin, globulin or 
cephalin-cholesteroi flocculation test. Due to 
the comparative!}’ small series no conclusion 
can be drawn concerning sex differences in 
serum cholinesterase. 

TP.ibcr, jr.. jcta 3[c<l. Scaml.. 11-4. 7L’. 
Received Jliircl. 2S. IP-IO. P.S.E.RM^ 1040, TJ. 
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Pio. 2. 

C’Uimgi's ill tile xiiiitliiiio oxidase avtivity of sidceii, lung, small intestine and kidney ns cmn- 
imrod ivitli tlie clianges produecd in liver xantliine oxidase by feeding a purified 8‘/t casein diet. 

Numbers along curves refer to tlie number of deterniin.'ifions flint were averaged to obtain 
each jioint on tlie curve. 


of these various tissues in comparison with 
the changes observed in the liver. 

Individual rats varied greatly in length of 
time on the diet required to deplete the liver 
of xanthine o.xidase. .At 4 to 5 weeks, 1 1 rats 
had 0. 0. 0, 0, 385, 395, 455, 635, 705, 
1160, and 1580 units of liver .xanthine o.xi- 
dase: after S weeks. 4 of 5 rats had no liver 
xanthine oxidase activity. Inanition, which 
is known to decrease the liver .xanthine oxi- 
dase.'’ was not a factor in these experiments 
with adult rats, since body weights increased 
consistently on the purified low protein diet. 
Rats were analyzed arbitrarily after 2 to S 
weeks on the diet, and the results were then 
correlated on the basis of the liver xanthine 
o.xidase found: the data from rats with similar 
liver xanthine oxidase activities were grouped 
together without regard to the duration of 
the individual dietary periods. 

•' -Atillcr, I,. I... lliol. ruem., I'MS, 172, ll.X. 


As the liver xanthine o.xidase activity' fell 
from over 2000 units to zero the small in- 
testine lost about 2/3 of its activity rapidly', 
but then remained fairly constant at the lower 
level; lung lost about of its activity in a 
gradual manner; losses in the spleen and 
kidney were 20-30%, which were not enough 
to be statistically different from the normal 
levels in this limited series. That portion of 
the enzyme which could be lost readily from 
the small intestine was depleted more rapidly 
than the liver. The xanthine oxidase activi- 
ties of the other tissues were much more re- 
fractory to dietary' changes than was the liver 
enzyme. 

.Assuming that the intact structures main- 
tain the same relative enzyme activities as 
e.xhibited in the homogenates, then the total 
.xanthine oxidase activity of a normal mature 
rat would be distributed approximately as 
follows; 67% in liver, 20% in skin, 8%, 
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Dotted lines = Kesiiiration after tipping in xantliine at tiie arrows. 

JTuinbers along eurves refer to not oxygen uptake in cinm per 20 minutes due to oxidation 
of xanthine. 


Box, upper rigid: Xet oxygen consumption eurves due to oxidation of xantliine. 


Kidney, small intestine and stomach also gave 
appreciable increases ia xanthine oxidase ac- 
tivit\' in the presence of meth 3 'lene blue, and 
this was very useful in demonstrating the 
presence of this enzyme in kidney and stomach 
where the amount was often so small as to be 
questionable. The xanthine oxidase activity 
of lung and spleen were unchanged in the 
presence of methjdene blue. The significance 
of the differences between tissues in respect to 
this methylene blue effect is not x^et apparent. 

Brain, skeletal muscle and testes xvere de- 
void of xanthine oxidase activity by the usual 
test as well as in the presence of methjdene 
blue aerobically. Skin contained 100 to 200 


units of .xanthine o.xidase activity^ (CmmOj/ 
g/hr), and methjdene blue increased the ac- 
tivity. Skin xanthine oxidase was not studied 
in detail because of the difficulty in homogen- 
izing this tissue. 

Fig. 1 shows typical oxygen consumption 
curx^es for kidnej', spleen, lung and small 
intestine during the determination of .xanthine 
oxidase activity. The effect of adding puri- 
fied .xanthine oxidase or methjdene blue to 
the main body of the Warburg flask is also 
illustrated. Similar studies with liver will be 
reported in another communication. 

Fig. 2 shows the effect of a purified low- 
protein diet on the .xanthine oxidase activity 
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Fio. 2. 

CliiiiiRi’s in tlie xiintliiiio oxidiisu !icti%’)fy of spleen, lung, snnill intestine iiiid kidney .'is ctmi- 
pnred witli tlie ciinnRcs produced in liver xnntiiinc oxidnse by feeding n purified 8% eiiseiii diet. 

Xuinbers nloiig curves refer to tlio number of deterniin.'ltions tlmt wre iivernged to obtain 
eiicli point on flie curve. 


of these various tissues in comparison with 
the changes observed in the liver. 

Individual rats varied greatly in length of 
time on the diet required to deplete the liver 
of xanthine oxidase. .At 4 to 5 weeks. 1 1 rats 
had 0. 0, 0. 0, 385, 395, 455, 635, 705, 
1160, and 1580 units of liver xanthine oxi- 
dase; after 8 weeks, 4 of 5 rats had no liver 
xanthine oxidase activity. Inanition, which 
is known to decrease the liver xanthine oxi- 
dase,"' was not a factor in these experiments 
with adult rats, since body weights increased 
consistently on the purified low protein diet. 
Rats were analyzed arbitrarily after 2 to 8 
weeks on the diet, and the results were then 
correlated on the basis of the liver xanthine 
oxidase found; the data from rats with similar 
liver xanthine oxidase activities were grouped 
together without regard to the duration of 
the individual dietary periods. 

•■•MilliT. I.. I... JHol. chrm.. I'.MS, 172, Il.T. 


As the liver xanthine oxidase activity fell 
from over 2000 units to zero the small in- 
testine lost about 2/3 of its activity rapidly, 
but then remained fairly constant at the lower 
level; lung lost about ‘/i of its activity in a 
gradual manner; losses in the spleen and 
kidney were 20-30%, which were not enough 
to be statistically different from the normal 
levels in this limited series. That portion of 
the enzyme which could be lost readily from 
the small intestine was depleted more rapidly 
than the liver. The xanthine o.xidase activi- 
ties of the other tissues were much more re- 
fractory to dietary changes than was the liver 
enzyme. 

•Assuming that the int<act structures main- 
tain the same relative enzyme activities as 
e.xhibited in the homogenates, then the total 
xanthine oxidase activity of a normal mature 
rat would be distributed approximately as 
follows: 67% in liver. 20% in skin, S% 
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in small intestine, 2% each in spleen and 
lung, and 1% in kidney. Wien tie liver 
has been depleted to zero xanthine o.xidase 
activity by a purified low protein diet, the 
entire rat- has lost about 75% of its original 
enzyme activity (assuming the skin is rela- 
tively unchanged). 

Summary. The average .xanthine oxidase 
activities in CmmOo/g dr}”- weight/hour for 
adult rat tissues were: Liver 1862, small in- 
testine 628, spleen 534, lung 479, kidney 135, 
stomach 42, skin 100-200, brain 0, muscle 0, 
testes 0. Two-thirds of the total activity in 
the entire rat was in the liver. 

Methylene blue added to the Warburg flask 


in the aerobic determination increased the 
-xanthine oxidase activiti- in liver, kidney, 
stomach and small intestine, but not in lung 
or spleen. Added .xanthine oxidase was re- 
covered quantitatively in the presence of lung, 
spleen and kidney; greater tlian added 
amounts of acti\dty were recovered from liver 
and decreased amounts from small intestine. 

As the liver .xanthine oxidase was depleted 
by' a purified low protein diet, the small in- 
testine lost about 2/3 of its activity', and lung 
lost about yi. Losses from the spleen and 
kidney' ivere small. The entire rat lost 
or more of its xanthine oxidase activity. 

Received .\])ril 7, 194D. P.S.R.B.M., 71. 


17126. 'Relationship Between Protein Osmotic Pressure and Density' in 
Plasma from Cats, Dogs, and Humans. 


Armando Soto-Rivera.* (Introduced by' J. R. Pappenheimer.) 

From the Department of Physiology, Harvard Hcdical School. 


During the course of e-xperiments on the 
effective osmotic pressure of the plasma pro- 
teins in the capillary circulation^ ' -we have 
had occasion to compare protein osmotic pres- 
sure with density in a large number of samples 
of ’plasma from cats, dogs, and humans. We 
were surprised to find that for any given 
density' the protein osmotic pressure of human 
plasma is higher than that of plasma from 
cats or dogs. The data given belorv may 
prove useful to other investigators w'ho wish 
to use plasma density as a measure of the 
osmotic activity of the plasma proteins in 
these species. 

Methods. Blood ivas draivn from the caro- 
tid arteries of cats and dogs anesthetized with 
Nembutal. Human blood was obtained by' 
venipuncture. Heparin was used to prevent 
coagulation. Low protein concentrations 
were obtained by diluting the plasma with 

‘Fellow of the Rockefeller Foundation (1946- 
4S). Present address; Department of Physiology, 
University of Caracas, Venezuela. 

1 Pappenlicinier, .1. R-. and SotoRivera, .\.. 
Am. J. Physiol., 194S. 152. 471. 


Ringer’s solution (0.9% NaCl, 0,042% KCi, 
0.024% CaCle, 0.020% NaHCO.-.) of density 
1.0068 relative to ivater at the same tempera- 
ture. High protein concentrations were ob- 
tained by' evaporating the plasma in cello- 
phane bags placed in front of a fan. The 
bags were then sealed close to the liquid 
level and the concentrated plasma diah'zed 
against cold Ringer’s solution until ionic equi- 
librium was established as indicated by the 
electrical conductivity. 

Densities were determined by the Falling 
Drop Method of Barbour and Hamilton." 
The standard deviation from the means of 6S 
duplicate determinations performed with this 
method was ±0.00013 g/cc. Protein osmotic 
pressure measurements were made across col- 
lodion membranes using a Hepp osmometer.-"' 
.-^11 the results were corrected to 37°C by 
multiplying the observed values by the factor 
273 -j- 37 -f- 373 -f t. in which t = room 



Chrm., men, (m, 

a JIppp, o.. y.. /• '1- (lesamie Krp. Med.. IMS, 
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temperature "C. The standard deviation from 
the means of 68 duplicate measurements b}' 
this method was ± 0.4 mm Hg. The pH of the 
plasma samples ranged from 7.2 - 7.5 (glass 
electrode) . For purposes of calculation, how- 
ever, a value of 7.4 was assumed since a vari- 
ation of ± 0,3 pH unit produces a change 
of protein osmotic pressure too small to be 
detected with our apparatus (cf. also Equa- 
tion 1) 

Results. Fig. 1 shows the relations between 
density and protein osmotic pressure in the 
three species. It is seen that at any given 
density human plasma has a higher protein 
osmotic pressure tlian that of cat or dog plas- 
ma. There is no significant difference in this 
respect between cat plasma and dog plasma. 

Dhcussioit. The following analysis of the 
data leads to useful formulae relating protein 
osmotic pressure to density and provides a 
basis for interpretation of the results. 

.•\s shown by Scatchard ct al. protein 

1 Pf.ntclmrd, G.. B.nfcIicUler, A. G., .and Brown, 
A.. .1. Clin, hn'r.il., 1044, 2il. 4ri0. 

•• Si'.'itolmrd. (i., jirivuto commuiiicatioii. 


osmotic pressure is related to protein concen- 
tration by an equation of the form: 

Wo (1 ~ .649) C 

w = (1) 

1 _ (.004 -j- .009pH)C 

where w = protein osmotic pressure mm Hg, 
Wo = protein osmotic pressure per gram pro- 
tein at infinite dilution, g = ratio of globulin 
to total protein and C = total protein con- 
centration in g/100 cc. For human plasma 
at pH 7.4 the constants are such that 

1.97C 

IT == (2) 

1 — 0.071C 

in which C is assumed to be 6.25 times the 
protein nitrogen. Protein concentration is re- 
lated to density by an equation of the form: 

C = K (? — ?„) (3) 

in which So is the density at zero protein con- 

centration. In the present experiments in 
which plasma was diluted with Ringer’s solu- 
tion Jo = 1.006S 

Substituting Equation 3 into Equation 2 
we have 

1.97 K (s 1.0068) 

^ = ....(4) 

1 — 0.071K (j— 1.0068) 

The cutA'e conforming to Equation 4 which 
best fits our experimental data for human 
plasma (method of least squares) is drawn 
in Fig. 1. It leads to a value for K = 353 
which may be compared ndth values ranging 
from 343-360 found by previous investigators 
who compared protein concentration (actuai- 
h' protein nitrogen) ivith density.®"” For the 
practical purpose of predicting protein osmo- 

fi Moore, N. .S.. and VajiSlykc, D. D., J. CliZ 
Invest.. 1930. 8, 337. 

r Pliillips, R. .A., V.oiiSlrkc, 1). D., Dole, V. P., 
Emerson, K., Hamilton. I’. B.. .and .ArcliiLald, 
R. M.. Copper .sulfate inetliod for measuring spe- 
cific gravities of whole blood and plasma, .Tosiah 
M.'icv. .Tr. Foundation, New Yorh, 1945. 

■“'I.Kiwry. O. n.. and Hunter, T. H., .J. Bint. 
Clirm.. 194.'.. 155). 4i;r.. 

» Kagan, 15. M., .J. Cliit. /iinwf.. 193S, 17, .•57.3, 
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tic pressure from density in human plasma 
Equation 4 becomes 

695 (p — 1.0068) 

’r = ± 2.4 mm Hg (5) 

1 — 25 (? — 1.0068) 

An examination of the partial specific volumes 
of the purified protein components of plasma 
by Oncley, Scatchard and Brown'** has shown 
that the average specific volume of the pro- 
teins is not less than 0.74 cc/g. Since K is 
related to specific volume (Ve) by the relation 

1 

K = (6) 

1 Po Vc 

we may predict that the minimum value of 
K for whole plasma is 389 and not 350 ± 10, 
as found in this and previous investigations 
cited above. .‘\n explanation of this dis- 
crepancy may be found in the recent studies 
of Armstrong, Budka, Morrison and Hasson" 
who report that protein in plasma is associated 
with (nitrogen-free) lipids so that the factor 
relating protein concentration to protein ni- 
trogen in human plasma is closer to 6.8 than 
6.25. Correction of K by the factor 6.8/6.25 
yields a value of K = 6.8/6.25 X 353 = 385 
W'hich is in close agreement with the value 389 
predicted from the partial specific volumes of 
the individual components. 

A similar analysis for dog and cat plasma 
cannot at present be made because the con- 
stants essential to Equation 2 have not been 

lOOneley, J. L., Scatchard, G., .and Brmviic, A., 

J. Phtjx. omi CoUoift Chem., 1947, 51, 184. 

n Armstrong, S. H., Budka, Jt. J. E., Morrison, 

K. C., and Hasson, M., J. Am. Chcm. Soc., 1947, 
61), 1747. 


evaluated and because the effects of lipids on 
the factor relating protein nitrogen to protein 
concentration has not been determined for 
these species. However, for the practical pur- 
pose of calculating the osmotic pressure from 
density it' is reasonable to suppose that the 
equation is of the same form as Equation S. 
The curve defined by an equation of this form 
which best fits our e.\perimental data for cat 
and dog plasma is drawn in Fig. 1. For 
these species 

625 (o — 1.0068) 

rr = Az 1.7 mm Hg ....(7) 

I —22.5 (f — 1.0068) 

The observed differences between human 
plasma and cat and dog plasma shown in Fig. 
I and in Equations 5 and 7 are in the direc- 
tion to be exTiected if cat and dog plasma con- 
tain more lipid associated with plasma pro- 
tein than does human plasma. Until further 
data are available, however, it is not possible 
to state that this is the sole factor involved. 

Summary. 1. Data are given showing the 
relationship between protein osmotic pressure 
and density in plasma from normal humans, 
cats, and dogs. Formulae are derived which 
allow the prediction of protein osmotic pres- 
sure from density in each of the three species 
(Equations 5 and 7). 2. For any given density 
human plasma has a higher protein osmotic 
pressure than does plasma from cats or dogs. 
Possible reasons for this species difference are 
discussed. 

I wisli to express my giiititmlo to Dr. .T. If. 
Puppenlieimcr for tiis inv;ilii:il)le liclp .-ind sug- 
gestions tlirougiiout tlii.s u'ork. 

Received April 11, 1949. D.S.E.B.Jt.. 1949, 71. 
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17127. Xanthine and Mercurial Diuretics and Renal Tubular Transport of 
Glucose and P-aminohippurate in the Dog.* 


Carroll A. Handley, Jane Telford, and Marguerite La Forge. 

From Drparlmcnt of PharmncoJopn, Bai/lor Uiiivcrsili/ Collcpr of Jtediciiie, Hoimlon, Trxax. 


IMercurial and probably .xanthine diuretics^ 
inhibit certain enzyme systems in the kidney. 
It is probable that the diuretic action of these 
agents is due to their selective accumulation 
in the kidney in concentrations sufficient to 
inhibit the systems concerned with the re- 


absorption of water and sodium chloride. The 
action of these compounds on other renal 
transport mechanisms has not received much 
attention. It has been reported--^ that mer- 
sahd (Salyrgan) depresses the maximal rate 
of transfer of diodrast and p-aminohippurate 


TABLE r. 

Effects of .Salyrg .011 a iid Mcrculivtlrin on Tr.m.sfer Maxima of Glucose .'iiid P,\H. 

Control During diuresis 


N > 


Dog 

No. 

AVt 

(kg) 

Date 

GF' 

ee/inin. 

TinG* 

mg/jnin. 

TniPAH* 

ing/min. 

GF* 

ce/min. 

TniG* 

ing/niin. 

TinPAH* 

ing/min. 

Tm-1 

17 

7- 2-48 

53 

212 


62 

228 


1 

17 

11-23- 

05 

245 


79 

254 


1 

17 

12-17- 

54 


11 

61 


14 

1 

17 

1-13-49 

61 


10 

70 


13 

fi 

17 

-20- 

63 


14 

68 


15 

3 

15 

10-22-48 

65 

215 


63 

198 


3 

15 

11- 1- 

52 


9 

44 


10 

3 

15 

12- 3- 

50 

196 


64 

220 


3 

IS 

-29- 

53 


10 

63 


10 

i 

15 

11-18- 

67 

232 


61 

220 


G 

u 

7— Kh- 

47 

233 


42 

228 


C 

u 

—22— 

42 


10 

45 


9 

7 

16 

- 9- 

60 

225 


47 

205 


7 

16 

•S-18- 

55 

200 


48 

172 


7-F 

15 

4-29- 

52 

193 


49 

180 


* -Average of three Ifl-ininute periods. 







TABLE II. 

Effects of Tlieoiiliylliiie on Transfer Maxima of Glucose and B-AII. 

Control During diuresis 


Dog 

AVt 


GF* 

TmG* 

TmPAH* 

GF* 

TmG* 

TmPAH* 

No. 

(kg) 

Date 

ee/min. 

mg/niin. 

rag/min. 

ec/min. 

mg/min. 

mg/min. 

Tm-1 

15 

7- 2-48 

66 


10 

58 


11 

1 

15 

~ 7-> 

53 

212 


60 

230 


1 

15 

12-17- 



11 

57 


14 

3 

15 

9- 9- 

53 


11 

57 


12 

,3 

15 

-16- 

51 

1.87 


47 

173 



14 

7-16- 

4 1 

232 


42 

225 


(» 

14 

-23- 

52 


11 

58 


10 

7 

17 

6-23- 

71 

261 


64 

242 


OF 

16 

11-13- 

60 

2.52 


ii'2 

270 


• 

.Average of 

three lO-minute 

periods. 







• riiis investigation was .stijiportcd in part l>y a 
research gr.ant from the Division of Kesearch 
tirants .and lelhnvships of the National Itislitnle 
of Health, United States Unldic Health .‘Service. 

J Handley, nnpnidishcd data. 


- Brun. C., Ililden. T., and Katischotv. F,, Acto 
I'linrnwrnl. ToTirnh, 1047. Jl, 1, 

•* Berliner. R. W.. Kennedy. T. .1., and Hilton, 
.1. G., ,Im. J. /’hj/siof., 104S, l."4, 537. 
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tic pressure from density in human plasma 
Equation 4 becomes 

695 (o — 1.0068) 

~ = ± 2.4 mm Hg (5) 

1 — 25 (? — 1.0068) 

An examination of the partial specific volumes 
of the purified protein components of plasma 
bj' Oncley, Scatchard and Brown^® has shovra 
that the average specific volume of the pro- 
teins is not less than 0.74 cc/g. Since K is 
related to specific volume (Vo) by the relation 

1 

K = (6) 

1 Po 

we may predict that the minimum value of 
K for whole plasma is 389 and not 350 ± 10, 
as found in this and previous investigations 
cited above. An explanation of this dis- 
crepancy may be found in the recent studies 
of Armstrong, Budka, Morrison and Hasson'^ 
who report that protein in plasma is associated 
with (nitrogen-free) lipids so that the factor 
relating protein concentration to protein ni- 
trogen in human plasma is closer to 6.8 than 
6.25. Correction of K by the factor 6.8/6.25 
yields a value of K = 6.8/6.25 X ■353 = 385 
which is in close agreement with the value 389 
predicted from the partial specific volumes of 
the individual components. 

A similar analysis for dog and cat plasma 
cannot at present be made because the con- 
stants essential to Equation 2 have not been 

10 Oncley, .T. L., Sc.oteli.nrd, G., and Broniie, A., 

J. Fhij.'i. niul Colloid Chem., 1947, 31, 184. 

11 Armstrong, S. H., Budka, M. J. E., Morrison, 

K. C., and Has.son, M., /. Am. Chcm. Soc., 1947, 
«9, 1747. 


evaluated and because the effects of lipids on 
the factor relating protein nitrogen to protein 
concentration has not been determined for 
these species. However, for the practical pur- 
pose of calculating the osmotic pressure from 
densitj’ it is reasonable to suppose that the 
equation is of the same form as Equation 5. 
The curve defined by an equation of this form 
which best fits our experimental data for cat 
and dog plasma is drawn in Fig. 1. For 
these species 

625 (c. ■— L0068) 

ir = ±: 1.7 mm Hg ....(7) 

1 — 22.5 (p — 1.0068) 

The observed differences between human 
plasma and cat and dog plasma shomi in Fig. 
1 and in Equations 5 and 7 are in the direc- 
tion to be expected if cat and dog plasma con- 
tain more lipid associated with plasma pro- 
tein than does human plasma. Until further 
data are available, however, it is not possible 
to state that this is the sole factor involved. 

Summary. 1. Data are given showing the 
relationship between protein osmotic pressure 
and density in plasma from normal humans, 
cats, and dogs. Formulae are derived which 
allow the prediction of protein osmotic pres- 
sure from density in each of the three species 
(Equations 5 and 7). 2. For any given density 
human plasma has a higher protein osmotic 
pressure than does plasma from cats or dogs. 
Possible reasons for this species difference are 
discussed. 

I wislj fo exprc.ss m.v gnititiiflc to Dr. J. B. 
Papponlicimer for iiiv:ilu.Tl)Ie liolp anti sug- 
gestions tlirnuglioiit tlii.s work. 

R^vcd April 31, 1949. P.S.E.B.M.. 1949, 71. 
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Fig. 1. 

Mnngancse deposition in the thyroid gland of 
the guinea pig following a single subcutaneous 
in.icetion of manganese chloride in a dosage of 
id.O mg per hg of body weight. 



thjToid gland of the guinea pig. 

content of the thyroid gland was determined 
by the procedure of Ray.- The results are 
recorded graphically in Fig. 1 and 2. Each 
point on the graphs represents the average 
amount of manganese found in the thtnroids 
of 3 animals. A detectable increase over the 

-■ R:iy. T. W.. J. Biot. Chmi., 1040, 1.14, C77. 


level found in earlier tests^ was noted in 30 
minutes, and a measurable increment was 
found in one hour. Fig. 1 shows further that 
the accumulation of manganese was rapid 
during the early stages of absorption. Of the 
total amount deposited in a 24 hour period, 
about 70% of it accumulated within the first 
6 hours. Fig. 2 shows that the elimination of 
manganese from the thyroid, once it began, 
was very rapid. !More than 70% of the 24 
hour accumulation disappeared within 4S 
hours after the injection, and 85% of it dis- 
appeared within 96 hours. 

Suniviary. Subcutaneous injection of man- 
ganese chloride into the guinea pig caused 
manganese to accumulate in all organs of the 
body tested, but the deposition was especially 
great in the thyroid gland where it began to 
appear within 30 minutes after administra- 
tion. .Absorption was particularly rapid dur- 
ing the first few hours, but the element con- 
tinued to accumulate for at least 24 hours. Of 
the total amount of manganese deposited in 
the th>Toid gland about 70% accumulated 
during the first 6 hours. Elimination of man- 
ganese from the thyroid, once it began, was 
rapid. Seventy per cent of the 24 hour ac- 
cumulation disappeared within 48 hours after 
the injection; 85% of it vanished in 96 hours. 

Received .April 12, 1949. P.S.E.B.M., 1949. 71. 


17129. Effect of the D- and L-isomers of Isoamidone' on the Permeability 
of Dog Erythrocytes.t 


■Margaret E. Greig and 
F rom Beparlmcnt of Fharmncolopp, Van^crltiU 

We have previously reported that changes 
in the permeability or erj'throcytes in vitro 
appeared to be correlated with changes in the 
activity of Oie acetylcholine-cholinesterase 
system in the red cell.'-- This conclusion was 

* l-iiimetbyl:iininn-2-iiietbyl-a.a-dipbenyl bex.i- 

noiK’-*4. 

t I- 1111(1*4 for c.-trrvinp: out this work were kimily 
Miiijiliod by tbe Malliiiebrcidt C)iciiiic;il Work-;. 

; V. ."J. t’lllilic Healtli Fellow. 


WiLU.AM C. Holland.^ 

University School of ilcdieinc. Xashvitlr, Tom. 

based on the observation that physostigmine 
as well as methadon.f both of which are chol- 

^ Greifi, ^t. E., and Holland. AV, C., submitted 
for publication to .4re/i. Biochem. 

- Greig. M. E.. and Holland, W. C Fed Prnr., 
1949, 8. 297. 

fMetbadon. ainidone. 2-dimcthy]amiiio-4.4di- 
plienyl-heptanone The niethadon .and iroami- 
doiie were kindly supplied by the Mallinekrodt 
Clieniical Work®. 
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(PAH) in man although the TmPAH in the 
dog is not influenced mersalyl The fol- 
lowing data concerns the measurement of glu- 
cose and PAH Tm’s in normal dogs and dur- 
ing the period of maximal diuresis b}' mercur- 
ial diuretics and theophylline. 

Methods. Trained, unanesthetized, female 
dogs weighing 14-1 7 kg were used. Glomerular 
filtration rate (GF) was measured by creatin'- 
ine. Glucose and p-aminohippurate Tm’s 
were measured in independent experiments 
because of the reported mutual interference in 
the tubular transfer of these substances.-*-® 

Creatinine was determined by the method 
of Folin and ^^'’u,® p-aminohippurate b}' the 
method of Bratton and Marshall' and glucose 
by Hanes’ modification of Hagedom and Jen- 
sen's method.® The dose of meralluride (Mer- 

•I Klopp, C., Young, N. F., jiiid Taylor, H. D., 
J. Clin. Inve.<!t., 1943, 34, 117. 

Houck, C. R., Peoc. Soc. Exp. Bior, and Med., 
1940, CS, 398. 

f' Folin, O., and lYu, 11. .1., J. Bio!. Chcm., 1919, 
38 , 81. 

■ Bratton, A. C., and Marshall, E. K., J. Biol. 
Chem., 1939, 128, 537. 

s IlaiiGs, C. S., Biochcm. J., 1929, 23, 99. 


cuhydrin) and mersalyl, the two mercuriah 
used, tvas 0.1 cc per kg (4 mg per kg of com- 
bined mercury) and 10-20 mg per kg of 
theophylline was employed. 

Results. The results recorded in Tables I 
and II show that neither theophylline nor the 
mercurial diuretics studied interfere with 
the renal tubular transfer mechanisms for glu- 
cose or p-aminohippurate. These results in- 
dicate that the energy yielding mechanism 
concerned with the reabsorption of water and 
sodium chloride in the dog is distinct from 
the mechanisms concerned in the transfer of 
glucose and PAH. During this investigation 
it was observed that it is possible to reduce 
the TmG and TmPAH indirectly by diuretics.* 
This effect is due to dehydration and may be 
produced by the saline diuretics as well as 
the mercurial and xanthine groups, if sufficient 
urine output is produced to cause dehj’dra- 
tion. 

Summary. IMercuhydrin, salyrgan and theo- 
phylline, in diuretic doses, do not interfere 
with the renal tubular transfer of glucose or 
p-aminohippurate in the dog. 

Received April 22, 1949. P.S.E.B.^r., 1949, 71. 


17128. Absorption of Manganese by the Thyroid Gland of the Guinea Pig. 
L. J. Deysach and T. AV. Ray. 

From the Departments of Physiology and Bioehemisiry, Marquette University School of 

Medicine, Milwanl:ce, Jl'is. 


Ray and Deysach* found that subcutaneous 
injection of manganese chloride into guinea 
pigs resulted in the accumulation of manganese 
in varying amounts in all organs tested, but 
that the'accumulation -ivas especially great in 
the thyToid gland -^vhere deposition was in di- 
rect proportion to the dose administered. In- 
jections of large doses of the salt depressed 
the oxygen consumption of the animal and 
small doses augmented it. Noticeable ef- 
fects within a few minutes after administra- 
tion suggested early absorptio n by the thy- 

1 R.iy, T~ tv., .and Dc.vsncli. B. J., Broc. Soc. 
Exp. Biol, and Med., 1942, ol, — S. 


roid gland. The purposes of the present 
study -were to find the exact time interval 
for the appearance of manganese in the thy- 
roid following its subcutaneous injection, to 
determine the rate at which it is deposited in 
this organ during a 24 hour period, and fi- 
nally to obtain information on its rate of elim- 
ination. 

Experimental. Each of 27 guinea pigs was 
given one subcutaneous injection of 10.0 mg 
of manganese chloride per kg of body weight. 
The animals were sacrificed 3 at a time, at 
intervals ranging from 15 minutes to 4 days 
following the injection, and the mangane.se 
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In our experiments the hemoglobin liber- 
ated has been taken as a criterion for changes 
in permeability of erjdhrocytes. If percent 
hemolysis be plotted against time, six pos- 
sible arrangements of cun'es representing the 
effects of the D- and L-isomers of isoamidone 
on erythrocytes could be obtained. If C rep- 
resents the hemolysis in the control suspen- 
sion, D- that n-ith the D-isomer and L- that 
with the L-isomer the 6 possible t\T)es ob- 
tainable would be (1) L>D>C, (2) D> 
L>C, (3) C>D>L, (4) C>L>D, (5) D 
>C>L, (6) L>C>D. 

Experimentally w'e found that all 6 tj-pes 
occurred to some extent under different con- 
ditions. The factors controlling the t 3 pe of 
curve obtained appeared to be mainly the pro- 
portions of Na and K in the medium and the 
pH. There seemed to be some variation in re- 
sults obtained w’ith red cells from different 
dogs under the same e.xperimental conditions, 
although the results obtained with different 
samples of blood from the same dog under the 
same e.xpenmental conditions were quite con- 
sistent. 

In a medium containing a high proportion 
of KCl compared with NaCl, curves of tvpe 
3 were most frequently obtained, while those 
of tjpe 5 and type I occurred less often. Of 
23 e.xperiments carried out in a medium con- 
sisting of isotonic KCl or a mi.vture of isotonic 
KCl and isotonic NaCl in the proportions of 
9:1, fifteen fell in type 3 and S in t\pe 5. 
It was frequently observed that early in an 
experiment the results would follow curx'es of 
t\pe 3, later the cuiw’es would cross and follow' 
those of tjpe 5 and still later those of Upe I 
and occasionallj' tjpe 2. 

In a medium containing a high proportion 
of Na compared with K there was little dif- 
ference in tire effects produced by D- and L- 
isomers. Usually cuiw’es of tjpes 1 and 2 were 
obtained. 

Results of 3 tjpical experiments are pre- 
sented graphically in Fig. 1-3. 

Disctissioti. It may be seen from the above 
results that; 

1. the D- and L-isomers of isoamidone in 
the same concentrations inhibit the gh'coK'sis 
of glucose by rat brain and b\' dog ert’thro- 
cytes to .about the same extent. 



Fio. 1. 

One ec packed dog crytliroeytcs were suspended 
in 10 ce isotonic saline in Erlcnnieyer flasks. Tlie 
final concentration of the isoamidone was 0,00022 
M, tliat of acctylclioline 0.01 M. Samples of 
suspension of 1 cc were removed at intervals .and 
after dilution and centrifugation the hemoglobin 
content of the supernatant fluid was detorminod 
using a pliotoelectric colorimeter. 

C— Control. 

D — D-isoamidojic. 

1.. — L-iso,amidone. 

Ac ch — Acetyl choliuc. 

2. the D- and L-isomers of isoamidone in- 
hibit the cholinesterase activity of erythro- 
cytes to different extents, tiie L- being a more 
effective inhibitor than the D-isomer. 

3. the D- and L-isomers of isoamidone have 
different effects on the permeability of dog 
erythrocj'tes. 

•As the stereoisomers have the same chemical 
properties, c.g., molecular weight, solubility, 
molecular radius, rate of diffusion, the differ- 
ent effects on the permeability of erj'throcytes 
could not be attributed to these factors. 

If one assumes that the permeability of liv- 
ing cells is controlled by metabolic activity, 
tlien of the two metabolic reactions investigat- 
ed which are affected by isoamidone tlie in- 
hibition of cholinesterase activity would seem 
best able to account for the changes in per- 
meability in view of the different effects pro- 
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TABLE I. 

Effect of the D- and of the L-jsoiners of Isoamidone on Cholinesterase Activity of Dog Ervtliro- 

cytes. 

The media used were Binger Krebs bicarbonate saline (B.K.),7 sodium bicarbonate saline 
(Ka) consisting of 100 parts 0.9% NaCl and 21 parts 1.3% KaHCO.,, and potassium bicar- 
uoiinte saline (K) consisting of KCl and KHCO;{ in tlie same pro 2 )ortions as for tin* sodium 
buffer. 0.2 cc packed dog erythrocj-tcs, and acetylcholine in a final concentration of 0.01 M 
ill a volume of 2 ec were nsed. Carbon dioxide evolution was wviisurcii an Warburg laauoniefer.'''. 


iredium 

Duration of 
exp., min. 

Cone, of drug, 

* 

V L 






/ 

Control 

D 

% 

1‘ffei‘t 

L 

% ' 
effect 

Ka 

GO 

.006 

.0002 

115 

84 

27 

84 

20 

K 

GO 

.000 

.0002 

124 

87 

30 

07 

4G 

EK 

60 

.00087 

.00087 

202 

124 

39 

98 

51 

EK 

■ GO 

.00087 

.00087 

228 

IGS 

20 

102 

55 


TABLE II. 

Effect of the D- and the L-isomcrs of Isoamidone on Glycolysis. 

The experiments were carried out in a Binger Krebs bicarbonate medium" in Warburg 
manometers. The concentration of glucose in the experiment with erythrocytes was 0.014 Jl, 
that in the experiment with brain 0.01 M. The amount of tissue was 1.0 cc packed dog erythro- 
cytes or InO mg homogenized rat brain in a final volume of 2 ce. The gas phase was 95% Kj, 
5% CO 2 . 

COj evolved in nim-"> 

Cone, of ./ — 1 

Duration of isoamidone, % % 

Tissue fxp-) niin. JI Control I) effect L effect 

Ervtlirocj'tes 40 .00174 89 70 21 77 14 

Eat Brain 00 .00174 130 107 18 101 22 


inesterase inhibitors^''* produced changes in 
permeability of dog erythrocytes under cer- 
tain conditions. Physostigmine is considered 
to be a specific inhibitor of cholinesterase. 
This drug produced most marked changes in 
the permeability of erythrocytes under the 
conditions where it had its maximum effect on 
cholinesterase activity. Methadon is not a 
specific inhibitor of cholinesterase as it also 
inhibits glycol3"sis of glucose-’ as well as cer- 
tain oxidative processes." However, under our 
,e.xperimental conditions, the inhibition of 
cholinesterase rather than the inhibition of 
glycoh’sis by methadon seemed to account for 
its eff^t on permeability of erythrocytes. 

\s the D- and L-isomers of isoamidone have 
bera found to be equally effective in inhibiting 


B. S., Pkoc. Soc. 
^xp Biol, -vxd 1948, 08 , 352. 

■lEudie, G. S., Bernheim, F., and Fitzgerald, 
-> J.’pUorm. Exp. Thcrap., 1948, 04, 19. 

uGreig, JI. E-, 

uGreig, M. E., and Howell, B. S., Arch. Bm- 
hi'Vi.. 1948, 10, 441. 


glycolysis, but the L-isomer is a much more 
effective inhibitor of cholinesterase than is the 
D, it was assumed that if the effects on per- 
meability were different with the different 
isomers, this action could be more readily at- 
tributed to their effect on cholinesterase than 
to that on glycolj’sis. 

The present communication describes ex- 
periments dealing with the effects of the D- 
and of the L-isoamidone on the permeability 
of dog erythrocytes. 

Results. In Table I are presented results of 
experiments on the effects of the D- and L- 
isomers of isoamidone on the cholinesterase of 
dog erythrocytes. As in the case of brain 
cholinesterase the L-isomer has a mudi greater 
inhibitory artion than has the D- in the same 
concentrations." 

From Table II it may be seen that there 
is little or no difference between the effects of 
the D- and L-isomers on glycolysis of glucose 
by rat brain or by dog erythrocytes. 

vTcre'is. H. -’I" -'"d Hi'ii.n'Ii'il, K., E. plii/xio!. 
Chcni., 1932 . 210 . 33 . 



193 


17130. Interrelationship of Vitamin B 12 and Glioline.* I. Effect on Hemor' 
rhagic Kidney Syndrome in the Rat. 


A. E. Schaefer, W. D. Salaiok, axd D. R. Strength. 

From the Lahoratory of Hiinim? Xiifritioii, Agricultural Experiment Station, Alahama 
Polytechnic Institute, Auhurn. 


Following the isolation of \atamin B 12 bj’’ 
Rickes and co-workers,^ several investi- 
gators-"^ have reported data indicating the 
identity or close relation of this vitamin nith 
the “animal protein factor.” Studies by Bird, 
Rubin, and Groschke® have indicated that 
metlrionine can function as a partial substi- 
tute for the “animal protein factor” in soy- 
bean protein diets for chicks. In view of the 
relationship between methionine and choline, 
it seemed of interest to determine whether 
vitamin Bjo might exert a sparing action on 
the choline requirement of the rat. 

It is the purpose of this paper to report 
that the incidence and the severity of renal 
hemorrhage in weanling rats recei\dng a diet 
low in choline and methionine were signifi- 
cantly decreased by supplementing the diet 

* Published with the approval of the Director of 
the Alabama .Agrieultural Experiment Station. 
This work was supported iit part bv a grant from 
the American Cancer Society upon recommenda- 
tion of the Committee on Growth of the National 
Eeseareh Council. It was also aided by donations 
of concentrates and crystalline vitamin and 
other vitamins by Merck and Co., and of folic acid 
by Ledcrle Laboratories. These data were pre- 
sented in part at the Birmingham meeting of the 
Southern Section, Society for Experimental Biol- 
ogy and Medicine, February 13, 1949, and at the 
Detroit meeting. Fed. .\m. .Soe. Exp. Bio!., April 
90, 1949. 

t Kickes, E. L., Brink, X. G., Konviszy, P. 11,, 
TVood, T. B., and Folkcrs. K., Seicnee, 194S, lOT, 
39(). 

-Ott, W. H., Kickes, E. L.. and Wood, T. K., 
.1. Itiol. Chem.. 194S, 174, 1047. 

Lillie, R. ,T., Denton, C. A., and Bird, II. H., 
A. liiol. Chem., 1P4S, 176. 1477, 

Xichol. C, A., Dietrich, L. G., Cr.avens, W. W.. 
and Elvehjem, C. A., Pnoc. Soo. Exr. Biou antj 
M en., 1949, 70, 40. 

■■•Bird, H. R., Rnliin, M., and Gro,=clike. A. C., 
A. Xiilrilio),. 19^7^ sjfi 


with vitamin Bjg in concentrate or crystalline 
form. 

Experimental. Weanling rats of the AES 
(Alabama Experiment Station) strain weigh- 
ing 40-50 g were placed in indmdual cages 
and uniformly grouped witli respect to num- 
ber, -weight, sex and litter. Feed and water 
were supplied ad libitum. The basal diet con- 
tained extracted peanut meal 30,® sucrose 
39.5, extracted casein 6," salt mixture" (un- 
dried) 4.4, L-cystine 0.1, cod liver oil 1, lard 
19. Vitamins were added, mg/kg of diet, as 
follows: thiamine 2, pyridoxine*2, riboflavin 
4, calcium pantothenate 10, niacin 20, i-inosi- 
tol 200, alpha- tocopherol 25, alpha-tocopherol 
acetate 25, and menadione 5. The total 
methionine and choline content of the diet 
was .3% and .007% respectively. 

On this basal diet without added choline or 
methionine, a 100% incidence of fatal kidney 
hemorrhage occurs in weanling rats of the 
AES strain in 2 weeks or less. In the present 
experiments, various sub-protective levels of 
choline or methionine were added to the basal 
diet. The effect of adding vitamin Bjo in 
concentrate or crystalline form to the diet 
for each of the treatments was then deter- 
mined. In one experiment the effect of add- 
ing vitamin Bjg concentrate to the basal diet 
supplemented with an adequate protective 
level of choline (.2%) was determined. Ex- 
cept in the latter experiment, all rats were 
necropsied after death or at the end of a 14- 
day experimental period, and the kidneys 
were carefully examined for gross pathological 
lesions. 

The results on the effects of vitamin Bjg 
with sub-protective levels of choline are shown 
in Table I. .-It levels of .04% and .06% of 
choline chloride without vitamin Bi-i, the 

•■•Engol. R. W.. A. Xnlrition, 1D4S, 36, “.Sa. 

rs.itmmi, W. D., A. Xiitritwn. 1947. :t3. IS.'). 
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duced by the two isomers on this enzyme. 

In a medium containing a high proportion 
of &C1 compared Muth NaCl the L-isomer 
usually produced greater resistance to hemoly- 
sis than the D at the start of'the experiment, 
(type 3 and Fig. 1). 

In a bicarbonate medium, pH 8, the L 
usually increased hemolysis, relative to the 
control and the D -isomer (Fig. 2). These 
results are similar to those found with physo- 
stigmine.l’- Occasionally curves of type 5 
were found early in the experimental period, 
in which the L-isomer caused increased resis- 
tance and the D-increased fragility relative 
to the control. 

The addition of acetylcholine increases the 
resistance of the control suspension in a K 
medium and tended to increase the differences 
between the effects produced by the D- and 
L-isomers relative to the control (Fig. 2). 

• In a medium consisting of either NaCl or 
high Na compared with K the differences be- 
tween the effects of the D- and L-isomers were 
usually less marked (Fig. 3) and the D occa- 
sionally produced slightly greater hemolysis 
than the L (curves of type 2). 

We also found that physostigmine had little 

OOG 10 

100 l*AFfTS KOI + 21 PARTS KHCO, 




effect on permeability in a medium of NaCl 
as evidenced by hemolysis but that it pro- 
duced very marked changes in permeability in 
a high K medium, in the presence of acetyl- 
choline and a pH of 8, under which condi- 
tions it produced maximum inhibition of chol- 
inesterase.^ 

Investigations of ionic transfer between 
erythrocytes and the medium in the presence 
of cholinesterase inhibitors are under way. 

Summary. The theory that the acet}^ 
choline-cholinesterase system ^ is concern^ 
with membrane permeability is fur^er sub- 
stantiated by the finding that the L-isomer of 
isoamidone which has a greater inhibitory 
action on cholinesterase than has the D-isomer 
also changes permeability of dog erythrocjtes 
to a different degree than does the D-isomer. 

The conditions under which the L has a 
areater effect than the D-isomer on perme- 
ability are a medium containing a high pro- 
portion of K ions rel ative to Na ions. 

i9in, TJ. 
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would have increased the incidence and the 
severity of the kidnej' lesions. 

That vitamin B 12 was the active principle 
in the concentrates used is indicated by the 
results shown in Table II. In this series crys- 
talline vitamin B^ was compared with the 
charcoal adsorbate at the .047o level of cho- 
line chloride. 

Vitamin likewise increased the efficien- 
cy of methionine for the prevention of kidney 
damage (Table III). Supplementary DL- 
methionine was added to the basal diet at 
levels of .15% and .192%. The incidence 
of kidney damage was 100% at both levels. 
However, when the diet was further supple- 
mented with %'itamin Bi.>, the incidence of 
kidnej’' damage decreased to 25% at the .15% 
level of methionine and to 12% at the .192% 
level. 

The results w'hen vitamin Bja was added to 
the diet with an adequate protective level of 
choline are shown in Table I. There was no 
effect on weight gains or appearance of the 
rats at the end of the second or fourth week. 
Rats in this laboratory have consistently made 
normal growth on this diet when adequate 
choline was added without either folic acid 
or vitamin Bv>. .2% choline chloride 

was added to the basal diet the need for sup- 
plementarj- vitamin Biq was eliminated. It 
thus appears that dietary choline has a sig- 
nificant sparing action on vitamin B 12 . 

Discussion. The results of these experi- 
ments show that vitamin Bi^ decreases the 
dietarj- choline or methionine required for pro- 
tection against the hemorrhagic kidney sjm- 
drome in rats. It appears that, under the 
conditions of these experiments, about one- 
half of the choline required for protection 
against this sjmdrome can be replaced by 30 
(ig of vitamin Bjo per kg of diet. Moreover, 
the results of one experiment indicate that 
the need for vitamin Bn is markedlj' de- 
creased by the inclusion of adequate choline 
in the diet. 

Thus, there is established the existence of 
an interrelationship between vitamin Bn and 
choline or methionine when the latter func- 
tions as a choline precursor. This interre- 
lationship assumes added significance in view 


of the apparent importance of these factors in 
the maintenance of normal hemoglobin levels 
in humans as well as in experimental animals. 
Vitamin has been shorvn by West^ to be 
effective in the treatment of Addisonian per- 
nicious anemia. Spies and his collaborators” 
have recently reported satisfactoiy hematol- 
ogic responses to vitamin Bjo therapj' in 
persons suffering from pernicious anemia, nu- 
tritional macrocytic anemia, or tropical sprue. 
They also found the vitamin to be effective 
in relieving the subacute combined nervous 
sj'stem degeneration associated with pernicious 
anemia. 

Engel" has reported anemia and edema in 
rats on low-protein diets that were deficient in 
choline. The addition of choline chloride pre- 
vented both the anemia and the edema. Mc- 
Kibbin, Thayer and Stare'” have reported 
lowered hemoglobin values in dogs receiving 
diets deficient in choline. We have observed 
severe anemia in dogs on a choline-deficient 
diet similar to the diet used in the experiments 
herein reported." 

Choline has been used for the treatment of 
anemia in humans with variable results. Moos- 
nick, Schleicher and Peterson'-’ have reported 
successful treatment with choline of a case 
of pernicious anemia that was refractory to 
parenteral liver therapy. Davis and Brown'” 
have reported hematologic responses to choline 
therapj' in 4 case of pernicious anemia and 
one case of megaloblastic anemia of preg- 
nancy; choline was ineffective, hovvever, in 
one other case of pernicious anemia and 4 
other cases of megaloblastic anemia. 

The demonstration of a specific interrela- 
tionship of vitamin B 12 and choline in pro- 
tecting against the hemorrhagic kidney syn- 

S West, B., .Vefeiier, 104S, 107, ,S98. 

f Sjiios, T. n., Suarez, It. M., Lopez, G. G., 
Milancs, F.. Stone, It. E., Toe.n, R. L.. Aramimru, 
T., anti Kartu*;. .J.J.M.A., 1949, 180, .'lil. 

1" MeKitiliiu. .1. M., Thayer. S., and Stare. F. .1,, 
J. Lab. anil Clin. Sfeih. 1944, 20. 111)9. 

•• Seliaefer, .A. E., anil .Salnuin, W. O,, uiipuh- 
lislicd thtta. 

t- Moosiiiek, P. l!., .Sflileieher, E. M.. and Peter- 
.Siin. \V. E., .1. VUii. hnr.it.. 194^, 21. 27.S. 

l-'i Davis. L. .1., anil Drown. JUnail. .1. Jlrma- 
tnlnflll. 1947, 11. 407. 
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r.. r. . TABLE I. 

Omliiie-Sparing Action of Vitamin B), for Protection Against Hcniorrhagin Kidneys. 


Dietarj- supplement 

Clioline Cl., Source of vitamin B 12 , 
% Ag/kg diet 

^oi 0 ’ 

.05 0 

.06 fi 

.20 0 


1 . of rats 

Mortality 

Avg u-t 
gain of 
survivors 
g/2 wks 

IiicidoiK'c of 
renal (laraage. 

25 

24 

19 

100 

4 

0 

36 

75 

10 

0 

44 

60 

4 

0 

57 (130)* 0 


.02 

Cone, 

No. 

It 

= 30 

4 

.03 

f j 

) } 

1 

^ 60 

4 

.03 

i) 

} i 

1 

= 30 

4 

.04 

) ) 

i i 

1 

~ 30 

21 

.05 

j } 

J 3 

1 

s 30 

4 

.06 

i i 

J 3 

1 

=5 30 

10 

.20 

} i 

3 

1 

s 30 

4 


’ Avg vrt. gain at 4 rvecks. 

t Jlerck & Co., Ine. — charcoal adsorbate No. SK 5704. 
t Veiy slight renal damage in 2 of the 10 rats. 


50 

0 

25 

9.5 

0 

0 

0 


50 

75 

3S 

25 

39 

50 

55 

3S 

45 

25 

57 

20, 

58 (132)* 

0 


TABLE II. 


Cliolinc-Sparing Action of Vitamin B]g for Protection Against Hemorrhagic Kidneys. 


Dietaiy supplement 

No. of rats 

Mortality, 

7c 

Avg 
gain of 
survivors, 
g/2 yvks 

Incidenee of 
renal damage, 
7c 

Choline Cl., 

% 

N 

Source of vitamin Bjo, 

“ Ag/kg diet 

.04 

None 

4 

25 

14 

100 

.04 

Crvstalline Bjo, 30 

4 

25 

43 

SO 

.04 

Cone. No. 1 30 

4 

25 

39 

50 


TABLE III. 


Jlethionine-Sparing Action of Vitamin Bjo Concentrate for Protection Against Hemorrhagic 
Kidneys. 


Dietary supplement 

No. of rats 

Mortality, 

7c 

Avfj ^v^ 
g«Tin of 
survivors, 
g/2 n ks 

Ineidence of 
renal damage, 

7c 

DL-nietliioninc, 

% 

Source of vitamin Bj,, 
~ Aff/kg diet 

.150 

0 

4 

75 

40 

100 

.192 

0 

8 

25 

27 

100 

.150 

Cone. No. 1 =< 30 

4 

25 

.)/ 

25 

.192 

” ” 1 s 30 

8 

0 

60 

12 


incidence of kidney damage was 100^ and 
69%, respectively. The inclusion of a char- 
coal adsorbate to supply 30 pg of vitamin B 12 
per kg of diet to the above treatments re- 
duced the incidence of kidney damage to 
38% and 20%, respectively. It appeared 
that .03% of choline with vitamin Bjo was as 
effective in preventing kidney damage as .06% 
of choline without the vitamin. 

In general, the severity of renal damage in 
the rats recei%nng vitamin B 12 was relatively 
mild in comparison with the damage in the 
control rats not receiving the vitamin. Only 


2 of 21 rats receiving .04% of choline with 
vitamin Bm concentrate died; the average 
weight gain of the surv'ivors for the 2-week 
period was 55 g. Of the 25 rats receiving 
.04% of choline chloride without vitamin Bjc, 
6 died and the average weight gain of the 
survivors for the 2-week period was only 1 9 g. 
The increased gain of the rats receiving the 
vitamin B 12 preparations was in all probabili- 
iv a direct result of the protective action of 
the vitamin. It certainly emphasizes the pro- 
tective effect of the vitamin because in the 
absence of such protection the increased gain 
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killed more rapidly at higher temperatures 
and small groups of thinly spread cells at low 
temperatures, it seemed not unlikely that one 
of the common denominators might be a 
question of oxygen supply and demand. 

Methods. After shaving and scrubbing, 
the chosen area of rabbit skin was covered for 
2 minutes with a wet pack of tincture of 
iodine diluted 1:2 in water, and again scrub- 
bed with alcohol. The strips of biopsied 
skin, either full- or half-skin depth were cut 
into Ixl cm pieces. One piece of skin was 
explanted immediately and the others (usualh-- 
S) were stored. 

The tissues were stored in two tj-pes of 
containers: a) 13 mm test tubes with just 
sufficient (0.2 cc) mineral oil or 10% rabbit 
serum to cover tissues, and also in such 
tubes filled with 9 cc of these fluids in order 
to replace the atmosphere, or b) in 6 cc 
screw cap vials suitable for mailing. These 
vials were packed approximately Ya of 
washed Pyrex glass wool and a second (re- 
movable) plug was added to fill the re- 
maining space. One cubic centimeter of sterile 
medium moistened the entire surface of the 
fibers by capillarity, leaving about 4.5 cc of 
air space, while 5.5 cc fluid completely dis- 
placed the atmosphere. Penicillin and strep- 
tomycin at 100 units per ml. and sulfadiazine 
at 20 mg% were at times included in the 
storage media. 

Tissue culture reagents. 1. Balanced salt 
solution (BSS): One liter of concentrated 
stock stored at room temperature with 4 cc 
chloroform; XaCl. 80 g; KCl, 4.0 g; MgSO< 
•7H-0, 2.0 g: CaCli,T.4 g (dissolved separate- 
ly); Na;HP04-2HiO, 0.6 g (1.5 mg of Nao 
HP04-12H20); KH2P04, 0.6 g; glucose, 10.0 
g. To this is added 100 cc of phenol red 0.2%. 
This stock solution ^^•as diluted 1:10 (Ca = 
^ %) R = 2.4 %) and autoclaved in 

20 cc amounts in screw cap Pyrex bottles. 
One half cubic centimeter of autoclaved 1.4% 
(isotonic) XaHCOn was added to each Iwttle 
and the solution stored in the refrigerator for 
CO- equilibration to pH 7.6 before final tight- 
ening of the caps. 

2. Chicken plasma (CH) Cock blood was 
drawn into a 10 cc syringe containing 0.2 cc 


of 10% sodium citrate, centrifuged twice and 
stored in 1 to 2 cc amounts in plain glass 
tubes at — 20°C. 

3. Bcej embryo juice (EMso)'. Three- to 
5-inch beef embryos were emulsified in a 
Waring blendor for 1.5 minutes with an equal 
volume of BSS. The suspension was centri- 
fuged at top speed for 30 minutes and the 
supernate respun in cotton balltubes. 

4. Rabbit serum fresh, or frozen at — 20°C. 

Efficient steriliti' tests were provided by 

having a small fluff or ball of cotton in all 
tubes used for the second centrifugation. Clean 
separation of the supernate from the sediment 
was assured, while approximatelj' 99% of the 
possible contaminating organisms remained 
below the packed cotton. Brewer’s medium 
was pipetted onto the cotton and the sediment 
to a depth of approximately 3 inches and the 
whole incubated at 31° for one week. 

Tissue culture methods. Both freshly 
biopsied and stored skin* were sampled for 
viability after being cut into 2.x2 mm frag- 
ments in .Brewer's medium, which was pipet- 
ted off for sterility control. Twelve of the 
fragments from each piece of skin were se- 
lected at random, 3 being transferred to each 
of 4 tubes preiiously coated irith one drop of 
chicken plasma. .After orientation of the e.x- 
plants and mixing the three drops of medium 
(see liquid phase) with the plasma, the tubes 
were laid horizontally for coagulation. One 
cubic centimeter of liquid phase (rabbit serum 
20%, embiyo juice 2%, penicillin and strep- 
tomycin 100 units each and sulfadiazine 20 
%) ■''■as added to each tube prior to stop- 
pering and slanting for incubation at 37° for 
one week. 

At the end of one week, data were collected 
on the proportion of explants showing p)osi- 
tive growth and on the area of new growth 
around the explants. Epithelial and fibrocylic 
outgrowth was distinguished and each rated 
on a scale of 1 to 4 plus, l-f being assigned 
to explants with sufficient cells to surround 
only one of the four sides and 4-k to those 
completely surrounded. 

* TIic removal of mimTOl oil from stored tissues 
Iiy slinking them in several rcjdacemcnts of ethy] 
ether did not influenee their vinbilitv. 
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drome in rats, may suggest that the use of 
choline as a supplementary aid in the treat- 
ment of various tj'pes of anemia should be 
further explored. Some of the clinical results 
referred to above indicate that it may be of 
particular value in cases complicated with 
liver damage. Further investigations on the 
nutritional implications of this interrelation- 
ship are underway in this laboratorjE 

Summary. 1. The incidence and severity 
of renal injury in weanling rats fed diets low 
in choline and methionine were markedly de- 
creased bjf supplementing the diet with a 
vitamin Bjn concentrate or crystalline vita- 
min Bi 2 . 


2. Under the conditions of these e.xperi- 
ments, 30 gg of vitamin Bjo per kg of diet 
could replace about one-half of the supple- 
mentary choline or methionine required for 
protection against kidne}'' damage. 

3. When sub-protective levels of choline 
were fed, the addition of vitamin Bj; caused 
a significant increase in weight gain. How- 
ever, -when an adequate protective level of 
choline was fed, no increase in weight gain 
was obtained from the addition of the vitamin. 

4. The results established the existence of 
an interrelationship between vitamin Bji-, and 
choline or methionine. 

Ifceeivcd April 19, 1949. P.S.E.B..\t., 1949, 71. 


17131. Relation of Oxygen and Temperature in the Preservation of Tissues 
by Refrigeration. 


John H. Hanks and Roslyn E. Wallace. 

From Leonard Wood Memorial, Department of Bacicriologp and Immunnlogy, Tlarvard 

Medical School, Boston, Mass. 


An inquiry has been made into conditions 
which may influence the viability of 1x1 cm 
areas of biopsied rabbit skin during .refrigera- 
tion' at 0° and 6-S°C. Since the availability 
of o.xygen, as well as the nature of the storage 
medium, had an important influence on the 
preservation of viability at these two tem- 
peratures, these relationships may be of in- 
terest to those wishing to store or ship tissues 
for surgical and other purposes. 

Tissues separated from the circulation 
rapidlj' become anoxemic and necrotic at 
room or body temperatures. This condition 
may be prev'cnted in uterine or intestinal strips 
by oxygenation or by chilling.^ " The sutvn'val 
of ligated limbs^ and of the cells in whole em- 

1 Garry, B. C., J. Pln/sinl, 1928, «0, 23r>. 

uNolf, P., Arch. Intcrnat. dc physiol., 1928, 
.^0, 315. 

3 Allen, F. M., Surg., Gyncc. and Ohst., 1938, 
<57, 74G. 

■iBucciante, L., Arch. f. exp. cetlf., 1931, 11, 
307 

‘alletlierington, D. C., anti Craig, .T. S., J. Cell, 
and Comp. Physiol, 1939, 14, 19<. 


bryos^'® or organs^’® is optimal (among the 
widely spaced temperatures which have been 
studied) at 0°. At this temperature respira- 
tion is minima}, while oxygen solubility in 
water is twice that at 30°. 

Though Lambert,' Carrel,® and Hethering- 
ton and Craig-' found 0 to 7° favorable for 
preserving the small masses of crowded cells 
in embryonic tissue fragments, there is con- 
siderable evidence that the thin perimeter of 
migrating and dividing cells in established 
tissue cultures has maximal longevity around 
30'’9 .io and are unable to re-establish growth 
after refrigeration for a few days.'-’-”-^-’ Upon 
considering tlie fact that large tissues are 

fiLeivis, IV. n., .'Ind JtcCoy, C. C., Bull Johns 
Bop. Bosp., 1922, B3, 284. 

TLamBcrt, K. A., J. Bxp. Med., 1913, 18, 40C. 

S Carrel, A., J. -lairr. Med. Assn., 1912, .'50, .523. 

9 Nemoto, Jt., Tohohn J. Bxp. .Med.. 1929, J-», 1. 

10 Hanks, .1. ir., J. Cell, and Comp. Physiol, 
1948. 31, 235. 

11 Cari)i'ntcr, E., J. Bxp. Bool, JOio, OH, 79. 

12 Fischer. A., -ireh. f. exp. eellf.. 1925, 2. 303. 

i:i Hanks, .1. II.. iinpuldisI'Cil. 
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Results. Representative results are sum- 
marized in Table I. During refrigeration at 
6-8°, the exclusion of atmosphere was always 
detrimental (see first experiment). In tubes 
or vials filled with mineral oil the blood in 
the vessels became blue, and the viability de- 
clined in less than one week. No cells could 
be cultivated after two weeks. In tubes 
filled with rabbit serum 10% the viability de- 
clined steadily over the two week period. The 
pH indicator in the upper stratum of the 
liquid retained its original color while the 
fluid nearer the tissues became strongly acidi- 
fied irithin one week. 

With just enough oil to cover the skin and 
prevent evaporation, the blood in the vessels 
remained red. Viability was maintained at 
a high level for one week, but declined sharp- 
ly'- during the second week. In shallow layers 
of rabbit serum 10% the pH fell to 6.8 or 7.0 
within one week but in spite of the small re- 
serve of medium and of buffer the viability did 
not decline \rithin two weeks. 

Preservation of viability at 0° proved to be 
far less satisfactory in any medium employed, 
and particularly in the presence of atmosphere 
(see second experiment). No biopsies sur- 
vi%-ed for one week in 0.2 to 1 .0 cc mineral oil. 
In tubes filled with mineral oil to e.xxiude at- 
mosphere, the results were strikingly more 
favorable, since approximately 50% of the 
cells remained alive during the first week. No 
cells survived after preservation in oil for two 
weeks. In rabbit serum 10% of the cells were 
more adequately supported or protected, and 
the results again revealed the same relation- 
ship with respect to the influence of atmos- 
phere. In the shallower layers of medium the 
viability at the end of one or two weeks was 
only SO to 70% of that in tubes which had 
been completely filled with liquid. 

Since blood provides a mass of cells capable 
of competing for the available oxi-gen. this 
menstruum was also employed in certain of 
the e.xperiments at 0°. The third experiment 
includes data on both Tiersch graft and full- 
depth biopsies removed from the same rabbit 
and stored at 0° for one week. It may be 
seen that a blood coagulum of only one centi- 
meter in depth proved as effective as com- 
pletely tilling the tubes with rabbit serum 


10% or 100%. Greater depths of blood {c.g. 
3 cm) were not superior, but were sometimes 
disadvantageous. 

The poor migration of epithelial cells in cer- 
tain experiments %vas due to incomplete re- 
moval of the iodine used for skin sterilization 
(see next paper). 

Discussion and summary. Although the 
storage of tissues at low temperature has long 
been recognized as a convenient means of pre- 
serving viability for relatively short periods of 
time, the potential advantages of refrigera- 
tion require further investigation of the nu- 
trient materials needed to sustain metabolism 
and of the conditions which permit conserva- 
tion of the essential enzyme systems. From-, 
the present comparison of survival in mineral, 
oil and in dilute serum, it is evident that the* 
usefulness of vaseline, pliofilm'® or moist 
gauze’” as storage vehicles may be questioned. 
These earlier methods provide no nutrient ma- 
terials and make no provision for leaching out 
or buffering the acids which are produced in. 
the living tissues. 

No simple rules can be stated for the con- 
trol of the oxygen-temperature relationship, 
since it will be modified by the depth of the 
medium employed and by the form and mass 
of the tissue, and must be determined for each 
tj-pe and volume of tissue to be stored. For 
the shipping of tissues in iced containers the 
use of a blood coagulum may be regarded on 
the one hand as a convenient means of in- 
creasing the cell mass or, on the other, of 
providing the necessary' exclusion of atmos- 
pheric oxygen. 

Since blood does not permit observation of 
pH changes as an index of the need to replace 
nutrient fluids, and the blood cells must in- 
evitably contribute to acidification and e.x- 
haustion of the medium, this menstruum is 
considered less desirable than a non-cellular 
fluid for the “banking" of tissues during hos- 
pital storage for surgical purposes. Further- 
more. it is evident that during refrigeration 
at 6-8° any increases in nutrient and buffering 

>' (IcSr.-irtieny, F., Conpr. franc, chir., 1013, 20. 

I.' \Vrli5tcr, .T. r., .li?!. .7. Sitrp., 1044, 120. 431, 

m M.-ittlif w.<j, r>. X., l.<tncrt. 1043, 1, 77.3. 
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curochrome. The results (illustrated in Fig. 

1 ) tvere the usual ones after iodine patching, 
namely, no contamination, but appreciable 
inhibition of epithelial migration. With Ze- 
phiran 17% of the cultures were lost by con- 
tamination within the first 3 days, while mi- 
gration of epithelium was not significantly im- 
proved. The Mercurochromc treatment was 
definitely less inhibitory to cpitbelial cells, but 
did not afford an increase in the number of 
useful cultures, due to a 33% loss by contam- 
ination. Since fibroblasts grew from the skin 
with equal readiness irrespective of the disin- 
fecting agent, the dilute iodine produced the 
greatest proportion of positive and usable cell 
cultures. 

I>cst the aqueous solution of Mercurochromc 
might have given results poorer than those 
obtainable in the prc.sence of a wetting agent, 
the effectiveness of Mercurochrome 2 % in 
Duponol was compared against tincture of 
iodine diluted 1:4 in 70% alcohol, each be- 
ing applied as a moist pack for 2 minutes 
prior to the biopsy of rat skin. During the 
first two weeks of cell cultivation in vitro, the 
incidence of contamination proved to he 20 % 
from the Mercurochrome biopsy and 4% fol- 
lowing the use of the 1:4 dilution of iodine. 

.Subsequent work with tincture of iodine 
1:4 in 70% alcohol, with application for five 
minutas, indicates complete reliability, but 
th:it the same care must lie exercised in its 
removal ns in (he case of the 1:2 solution. 


Further experience is required to evaluate the 
routine effectiveness of the 1 :‘4 dilution during 
application for only two minutes. 

Discussion. In Price’s excellent report on 
disinfection of skin,* it is emphasized that the 
germicidal action of 7% iodine tincture prac- 
tically ceases upon drying. It is showrj that 
2% of iodine in alcohol 70% by weight evap- 
orates more slowly and avoids the objection- 
able irritating effects of the 7% tincture. This 
2 % solution was more effective following a 
single surface application than any other class 
of disinfectant studied. In other sections of 
the report the time factor is repeatedly em- 
phasized, The results reported represent an 
application of the principles elucidated by 
Price. 

It is not improbable that a mixture of peni- 
cillin, .streptomycin and .sulfadiazine for skin 
treatment, and in the cell culture media would 
provide a more appropriate measure of opti- 
mal epithelial migration than any of the disin- 
fectants used. In view of the long period of 
cell cultivation required in leprosy research, 
this comparison has been impractical for two 
reasons: (a) the danger of inhibiting the in- 
fectious agent, and (b) the inability of such 
a mixture to inhibit Uie development of fungi 
from the skin e.xplants. 

J I'rii-f, I*. B., 1M8, 11 J, IKO. 

Uwivfil April 4, 1049. r.K.F..I',,M., 10 !0, 71. 
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fluids should be. made horizontally, i.e., with- 
out restricting the ayailabilit}'^ of atmospheric 
oxygen. 

• A study by the surgical staff of the Chil- 
dren’s Hospital of the preservation of aortic 
segments for surgical repair of large blood 
vessels has produced results in accordance 
with these principles. Their publication^' 
describes the conditions under which blood 


1" Peirce, E. C., Gi-oss, E. E., Bill, A. H., and 
Merrill, K., Ann. Sung., 1949, 129, 333. 


vessels may be maintained in 10% homolog- 
ous serum for as long as 50 days. 

In conclusion, 10% serum is superior lo 
mineral oil as a refrigeration menstruum be- 
cause it provides nutrient and dilutes or buf- 
fers the acids which result from metabolism. 
At 6-8° ox 3 'gen is required to support metab- 
olism, while at 0° viability is extended by 
complete^ filling the storage tubes with liquid 
or by covering the tissue with a blood coagu- 
lum. 

Received April 4, 1949. P.S.E.B.SI., 1949, 71. 


17132. Sterilization of Skin. 


John H. Hanks and Roslyn E. Wallace. 

From Leonard TFood Memorial, Department of Bacteriology and Immunology, Harvard 

Medical School, Boston, Mass. 


It is frequently stated that in the strict bac- 
teriological sense it is impossible to sterilize 
skin. This concept apparently arises from 
the use of methods which do not insure that 
an appropriate disinfectant is applied in active 
form for an adequate interval of time. Since 
the rich and complex nutrients used for cell 
cultivation provide an e.xcellent pabulum for 
a variety of microorganisms, long experience 
in sterilization of leprous and normal skin 
prior to biopsy for tissue culture induces us 
to present evidence that skin sterilization is 
not a difficult problem. 

Early attempts to sterilize well scrubbed 
skin by painting with tincture of iodine were 
at times successful and at times failures. The 


inconstancy of the results suggested the de- 
sirability of controlling the action of iodine 
w'ith respect to concentration and time of ac- 
tion. By covering the area to be biopsied 
with a heavy patch of fabric, dripping iodine 
solution (tincture of iodine 1:2 in 70% al- 
cohol by weight) on this patch until it was 
saturated, and then removnng the patch and 
recleaning with alcohol after an interv-al of 
S minutes, the occurrence of scattered con- 
tamination was terminated. During the naxt 
several vears it was noted that epithelial cells 


rarely if ever migrated from fragments e.v- 
planted from the papillarj' or uppermost layer 
of the skin, while abundant epithelial cells ap- 
peared around fragments explanted from the 
deeper or reticular layer of the skin. 

Upon the first occasion when a biopsy was 
taken after painting the skin with 2% lller- 
curochrome in Duponol as a wetting agent, 
good epithelial growth around papillary- ex- 
plants appeared for the first time in our e.x- 
perience. Nevertheless, one after another of 
the culture tubes gave evidence of contamin- 
ation by staphydococci until 40% of the cul- 
tures had been lost. The period of apply'ing 
the iodine (1:2) patch was next shortened to 
2 minutes, irithout trouble from contamina- 
tion and with the result that the superficial 
layer of skin produced moderate to e.xcellent 
epithelial migration. 

In order to inquire whether other disin- 
fectants might be as effective as dilute iodine 
under these conditions and possibly less in- 
hibitory to epithelial migration i/t vitro, three 
strips of skin were removed from the same 
individual simultaneously, one hai'ing been 
prepared by a two minute dressing with tinc- 
ture of iodine 1:2, the second with Zephiran 
1:1000, and the third with 2% aqueous Mer- 
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No. of 
eliicks 

Avg wt gain 
g/cliick 

/ 

Cliolinc 
chloride 91 

Source of \-itamiii Bio s 
agBij/kg diet 

2 uk 

4wk 

4 

.or, 

0 



11 

20 

40 

3,4 

,1 

n 



23 

27 

00 

' o 

O 

0 



12 

31 

.05 

J, 2, 3, 4 

}, 

0 



47 

54 

1.54 

4 

.05 

B,2 

cone. 

No. 1 15 

11 

41 

1.50 

3 

.1 

» > 

it 

” 1«30 

12 

no 

240 

4 

.1 

J J 

» > 

” 1 =- 1.0 

11 

72 

2C2 

1, 2, 3 

n 

i t 

f s 

” 1 s30 

34 

03 

19.5 

1,2, 3,4 

.fi 

i i 

t f 

” land 3 = 30 

59 

7.0 

218 

1,3 

.(1 

1 1 

ff 

’ ’ 1 and 3 = 15 

oo 

78 
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diet was supplemented with .6% choline chlor- 
ide plus vitamin Bjo concentrate (Fig. 1). 

When the choline supplement was .05%, 
the increase in weight resulting from the ad- 
dition of vitamin Bj^. concentrate was less than 
that obserN'etl in the groups receiving .1% 
and .2% choline chloride. This indicates that 
this level of vitamin Bia cannot replace the 
entire dietary choline required by the chick 
but that a minimum level of choline must be 
present. 

That vitamin Biy was the active principle 
in the concentrates is indicated by the data 
in Table II. Pure vitamin Bj^ fed at a level 
of 15 ;ig per kg of diet caused an average 
increase in weight gain of 14 g at 1 week 
and 40 g in 2 weeks as compared to 14 g at 
1 week and 45 g in 2 weeks for the group re- 
ceiving the vitamin Bj^ concentrate. 

niscussioH. The choline requirement for 
normal growth of chicks fed the basal diet 
without a source of vitamin Bi-.- was .6% 
choline chloride as compared to .1% when 
vitamin B,;. was added to the diet. This in- 
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terrelationship of vitamin Bjo and choline 
for the chick is in agreement with the results 
obtained with rats.'^ 

The chicks used in these experiments were 
progeny of hens from a strain that had been 
bred for high livability. The breeding flock 
is on commercial breeding ration, which sup- 
ports good egg production. The progeny of 
these hens have shown a very uniform growth 
response to the addition of vitamin Bx». Not 
only was this growth increment uniform but 
it was also much greater than that reported 
by other investigators using other ijpes of 
diets. For example, when the basal diet was 
supplemented with .1% choline chloride 
plus a source of vitamin Bis s 30 //g per kg 
of diet, the growth increment was 63 g at 2 
weeks and 186 g at 4 weeks. This increment 
is considerably greater than that reported by 
the following workers: Lillie, ct ah," 34 to 60,3 
g increase in body weight from the second to 
the fourth week; Xichol, ct ah,'' 79 to 88 g 
for a similar period, and Ott, ct ah' of 20 to 
46 g at 17 days. 

These observ'ations of the influence of cho- 
line level on the vitamin Bn- requirement ma}' 
be useful when procedures for a chick assay 
of vitamin are being standardized. The 
data presented in Fig. 1 indicate that vita- 
min B,;. can be assayed more effectively if 

•'Lilli,', n. .1., Denton, A., and Bird, It. J!., 
J. Jliot. riirm., HM.S, 17«, 1477. 

« Nil-hoi. .A., Dietrieli, L. S., Cr;iven«, W, W., 
niid KU-elijern, ('. A., Pnor. .‘^or. Exi'. Biou .^.vn 
Mr.i)., imo, TO, 4ft. 

7 Olf, W. H., Kickoi,, E. L.. .and Wood. T. II., 
J. lUnl. ('hrm., Ui4S, 174, 1047. 
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17133. Interrelationship of Vitamin Bjo and Choline. II. Effect on Growth 
of the Chick.* 


A. E. Schaefer, W. D. Salmon, and D. R. Strength. 

»om the Ldhoralory of Ammal Xiitrition, AgricuUunil Experiment Station 

Polytechnic Institute, Anhiirn. 


In the accompanying paper it was reported 
that the severity and incidence of renal 
hemorrhage in weanling rats fed diets low in 
choline and methionine were significantly de- 
creased by supplementing the diet •with vita- 
min Bi 2 .^ In concurrent experiments the inter- 
relationship of the vitamin Bjo and choline 
requirements for growth of the chick was 
studied. 

Experimental.^ Day-old Leghorn chicks of 
the .'^.P.I. strain were divided into 3 weight 
classes ranging from 34 to 42 g. The selected 
chicks were then distributed, 8 to 12 per 
group, so that the group average was about 
38 g. The chicks were wing-banded and housed 
in standard commercial, electrically heated 
■batteries, which were equipped with raised 
wire floors. Feed and water were supplied 
ad libitum and the chicks were weighed week- 
ly. The basal diet was composed of extracted 
peanut meal 30,- sucrose 36.9, extracted 
casein 6,-"' I^cystine .1, cod liver oil 1, lard 
19, Can (PO .,)2 2.87, KoHPO^ 1.442, CaCO,, 
.903, MgS 04 • 7 H 2 O .840, NaCI .70, Fe Cit- 
rate .182, MnSOi ■ 4 H 2 O .035, ZnCO., .014, 
CUSO 4 • SH 2 O .007, and KI .007. Vitamin 
supplements, mg/kg diet, were as follows: 
thiamine 3, pyrido.xine 4, riboflavin 6, calcium 

• Pulilishcd with flic approv.Tl of tlie Director, 
Al.ibama Agricultiir.ol E.xperiinciit .Station. Tliis 
study was supported in iiart by a grant from the 
American Cancer Society upon rcconimendation of 
tlic Committee on Growth, National Research 
Council. It was aided by donations of vitamin 
B,., concentrates, crystalline vitamin B, 2 , •'•nd 
oilier vitamins by Merck & Company, and of folic 
acid by Lcdcrie' Laboratoric.s. These data were 
presented in part at the Detroit meeting, Fed. 
Am. Soc. E.xp. Biol., April 20, 1049. 

1 Schaefer, A. E., Salmon, W. D., and Strength, 

D. R., PROc. .Soc. Exp. Biot- axi> -Med.. 1040, 71, 

193. 

a Engel, E. M’., J. Nutrition, 1048, 30, 7.89.^ 

as.almon, W. D., J. Nutrition, 1047, 3;}, I.. 0 . 


of the Alabama 


pantothenate 20, niacin 50, inositol 1000. folic 
acid 1, biotin .25, alpha tocopherol 25, aljiha 
tocopherol acetate 25, and menadione 5. The 
diets were mixed at 10-day intervals and 
stored at 1°-5°C. The basal diet furnished a 
maximum of .007% choline and .3% methi- 
onine. Preliminarj' studies had established 
that supplementation of this basal diet with 
.6% choline chloride was necessarj' for maxi- 
mum growth. 

A summary of four experiments is given in 
Table I. Concentrates of vitamin Bjo were 
added to the basal diet at the e.xpense of su- 
crose and the choline supplement was reduced 
in the amount that ivas furnished by the con- 
centrates. Choline was determined by the 
procedure of Engel/ modified by washing the 
choline reineckate precipitate with cold N- 
propyl alcohol in place of methyl alcohol. 
Vitamin B 12 concentrates Nos. 1 and 3 were 
a charcoal and fullers earth adsorbate, re- 
spectively. The crystalline vitamin Bj 2 was 
in the form of a solution containing 25 pg/ml. 

When the basal diet was supplemented widi 
.6% choline chloride, the addition of vitamin 
Bi 2 concentrates Nos. 1 or 3 at a level to 
supply 30 pg vitamin Bjn per kg diet caused 
an average increase in weight gain of 24 to 
28 g in 2 weeks, or 59 to 66 g in 4 weeks. The 
feeding of the concentrates to supply 15 pg 
vitamin B 12 per kg diet resulted in a weight 
increment of 52 to 62 g in 4 weeks. 

When the dioline supplement was reduced 
to .2%, the addition of vitamin B,- concen- 
trate caused an increase in weight gain at 2 
w'eeks of 52 g and 100 g in 4 weeks. At tlie 
.1% level of choline chloride supplement the 
greatest increase in weight gain due to the 
vitamin B 12 concentrate was observed. The 
weight increment was 65 g at 2 weeks and 
186 g at 4 weks. The total weight of these 
birds was as good as that obtained when the 

J Engel, R. M., liiot. Chnn., 1012, 144, 701. 
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1’, level of blood when rubber dam is rnised; ni, 
motor; o, oxy{;en inlet tube; p, plastic cover; r, 
rack which holds concentric cylinders and conducts 
o.vvfren to the cylinders; s, spouts which deliver 
oxvf;cn to each ‘cylinder; t, hollow shaft which 
delivers blond to cup, h; u, blood inlet tube to 
level control; v, blood outlet tube from level con- 
trol to pumii; w, warm water coil. 

6% COe gas mi.xture is piped down into the 
shaft (o) and through the hollow tubing of 
the rack (r) which supports the cj’linders. 
There are four oxygen inlets (s) supplying 
each cylinder. The shaft, cone, and cylinders 
all rotate as one unit at ISO r.p.m. There is 
very little foaming of blood. 

The blood is pumped from the animal and 
hack to the animal by pumps whicli have an 
intermittent pulsatile action. Ball valves give 
directional flow. Steady flow into the oxy- 
genator is obtained by having 3 such pumps 
in a parallel arrangement. 


The blood level in the collecting cup is 
maintained by a leveling device which con- 
sists of a plate with a sheet of rubber dam 
(d) stretched over it. A hole in the plate 
admits blood from the collecting cup, another 
allows the blood to flow' into the “arterial” 
pump. The level of the plate in relation to 
the cup determines the level of blood in the 
cup because hydrostatic pressure of blood in 
the cup raises the rubber dam (d') off the 
plate and allow’s blood to flow’ under the dam 
to the pump. tMien the level of blood in the 
cup is at the level of the plate (1) the rubber 
dam is sucked down onto the plate by the 
pump and no blood flows. Because the action 
of the pump is intermittent, the dam is again 
separated from the plate by the blood when 
the level in the cup rises ( 1'). Body tempera- 
ture is maintained with warm water coils (w) 
around the oxj'genator and warm air around 
the collecting cup and leveling device. A 
filter with 230 micra spaces is used in the 
“arterial” stream. 

To date 13 perfusions of dogs have been 
done. In 4 instances blood was withdrawal 
from the femoral veins, and in 9 the vena cava 
was cannulated. Blood was infused via the 
femoral, brachiocephalic, or the subdaiian 
artery. Blood flow rates were estimated with 
a venlurimeter. The volume of the film was 
measured by turning off the pumps to the 
o.xygenator and allowing the blood on the 
cylinders to collect in a graduate. O.xygen 
content of blood as it left the animal (venous) 
and as it returned (arterial) was determined 
by the Van Slyke method.^ 

ResitUs. The results of S experiments in 
which data were collected are tabulated in 
Table I. .4t the flow rates obtained by pump- 
ing all available blood from the %'ena cava a 
film could be maintained on only 4 or 5 ejiin- 
ders. Thus, the total capacity of the oxygen- 
ator is considerably greater than that utilized 
in these instances. It was noted that the 
animals made very few slight respiratory 
movements during perfusion even though no 
pulmonary respiration was maintained. The 
efficiency of the oxygenator (no. of cc 

■lYan Slyke, P. P., .nnd Xoill, J. 31., .T. JiM. 
rUfm.. Cl, 
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TABLE II. 

Crystalline Vitamin B ]2 Compared Titnmin B].) Coiicenfrate. 


Dietary supplement 

No. of 
chicks 

Avg wt gain 
g/chick 

Choline chloride 
% 

Source of vit.imin Bj 2 
^ yg per kg diet 

r 

7 days 14 days 

.1 

None 

11 

16 27 

.1 

Crystalline vit. Bjo s; 15 

7 

30 67 

.1 

Bi 2 cone. No. 1 ^ 15 

11 

30 72 


the basal diet is supplemented with . 1 % 
choline chloride than when it is supplemented 
■ndth . 6 ^ 0 . It would be of interest to deter- 
mine whether the feeding of a low-choline diet 
to hens would increase the requirement for the 
“animal protein factor” in the progeny, simi- 
lar to that noted when the hens were restricted 
to a diet low in the “animal protein factor”.®-® 
The interesting interrelationship of vitanun 
Bi 2 , choline, and methionine is bemg studied 
further in this laboratory. 

Summary. 1. Vit. Bjo was fed to Leghorn 
chicks receiving a choline-low basal diet sup- 
plemented with .6%, .2%, .1%, and .05% 
choline chloride. The 14-day increment in 


weight gain over the controls that did not 
receive vitamin Bu was 26 g, 32 g, 63 g, and 
21 g, respectively. 

2. Crystalline vit. Bjo fed at a level of 
IS /ig per kg of diet and at a choline level of 
.1% was as effective as vit. B 12 concentrate in 
a 2-week feeding period. 

3. The choline requirement of chicks under 
the conditions of these experiments was 
markedly reduced by the supplementation of 
the diet with vit. B 12 . 

4. It appears that dietary choline has a 
significant sparing action on vdt. B 12 . 

Beceivcd April LO, 1949. P.S.E.B.M., 1949, 7J. 


17134. An Oxygenator with Increased Capacity: Multiple Vertical 
Revolving Cylinders.* 


Karl E. Karlson, Clarence Dennis, David Sanderson, and Charles U. Culmer. 
From ilie Department of Surgery, Vniversity of Minnesota, Minneapolis, Minn. 


The vertical revolving cylinder has been 
showm to be an effective oxygenator for 
blood.^-- Its efficiency as an oxygenator is 
probably increased by making the cylinder 
shorter in relation to its diameter.® These 
data were applied in the construction of an- 

* Aided by a grant from the United States Pub- 
lic Health Service, and by a researcli grant from 
the Graduate School, University of Jliimesota. 

1 Gibbon, J. H., Jr., J. iob. and Chn. Med., 
1939, 34, 1192. 

2 Gibbon, J. H., Jr., and Kraul, C. W., J. Lab. 
and CUn. Med., 1941, 26, 1803. 

3 Karlson, K. E., Dennis, C, and IVcstovcr, 
D. E., Pboc. Soc. Exp. Biol, axu Med., 1949, 70, 

225 . 


Other oxygenator with approximately eight 
times the capacity of the o.xygenator previous- 
ly studied. 

Experimental. Eight concentric cylinders 
(Fig. 1, C) 21 cm in height, ranging from 
27.5 cm to 17.0 cm in diameter are mounted 
so that the lower edges of the cylinders are 
appro.vimately one centimeter above the inner 
surface of a cone (f). The surface area is 
14,500 cm-. Blood is delivered through in- 
dividual spouts (b) onto the inner surface of 
each cylinder, drops off of its lower edge 
onto the inner surface of the cone, flows into 
the vertical shaft (t), runs down the inner 
surface of the shaft, and collected in the 
stationary cup (h) beneath. A 94% O 2 and 
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TABLE I. 


IIcninpK'uOnnfion of DiCerciit Species by Xoriiial :ind Poliomyelitis Stool Suspensions. 





Final agglutination titer 




.Stool No, 

f 

Hum .-III group 0 

Cliick 

E.-iW)it 

Guine.-i pig 


Sheep 




Potiomvolitis stoots. 





7 

1:30 

1:30 

1:20 

1:20 


1:20 


1C 

1:20 

1:40 

1:100+ 

1:20 


1:20 


17 

1:320+ 

1:320+ 

1:320+ 

1:00 


1:320+ 


18 

■» , 1 


* 







>;orjnai stools* 





3 

1:20 

1:30 

1:320+ 

1:40 


1:20 


4 

1:40 

1 :40 

1:100 

1:20 


1:20 


ii 

1:20 

1:20 

1:320+ 

1:20 


1:20 


G 

1:120 

1:1-20 

1:320+ 

1:40 


1:80 




TABLE IT. 





Tnllibithm of Stool Homngglutinntion by Scrum and Bovine Albumin Using Chick 

Cell.=. 




.Serum dilution 




E.x]). 

Serum 

1:0 1:12 

1:24 1:48 

1:06 1:102 

1:384 1 

:7G8 

Titer 

1 

111101.-111 

0 0 

0 0 

± + 

4- 

+ 

1:4S+ 

o 

H;ibbil 

0 0 

0 0 

■f* "f* 

4- 

"f* 

1:48 

3 

Monkov 

0 0 

0 0 

0 0 

0 


1:384+ 

4 

20^ bovine .-ilbuniin 0 0 

0 

4- — v 

— 

— 

1:24 


fl = No apgiutinatioii. 
+ = Agplutinafion. 


Methods. 10% stool suspensions were pre- 
pared by grinding the stools in a mortar and 
pestle with a small amount of physiological 
saline, diluting the suspensions to a final con- 
centration of 10% and centrifuging in an 
angle centrifuge at 5000 r.p.m. for 20 minutes. 
The supernatant was then removed and cul- 
tured for the presence of bacteria. Titra- 
tions were carried out by making serial 2-fold 
dilutions of stool suspension in saline. 0.5 
cc of material was added to eadt test tube. 
Xc.vt equal parts of 0.75% of the various 
erythrocyte suspensions which had been pre- 
viously washed 3 times prior to use were 
added. The tubes were mixed and allowed to 
stand at room temperature for 1 hour prior 
to reading. The titer was read as the highest 
dilution showing a hemagglutination pattern 
on the bottom of the test tube. This pattern 
clo.=ely resembled that produced by influenza 
and other viru.ces. 

Results. Titnitions obtained comparing 
poliomyeliti.s and normal stool suspensions 
with group ‘‘O” human, drick, rabbit, guinea 
pig and sheep erythrocytes are shown in 
Table I. Highest titers were oiitainetl with 


rabbit erj'throcytes while titers with the 
erj’throcjdes of other species did not differ 
significant!}'. It was found that rabbit cells 
in saline occasionally showed spontaneous ag- 
glutination and such experiments were dis- 
carded. The results summarized in Table I 
indicate that there was no significant difference 
in hemagglutination titers between normal and 
poliomyelitis stool suspensions. In other e.x- 
periments it was found that a 10% mouse 
brain and cord suspension infected with the 
Lansing strain of poliomyelitis virus failed to 
agglutinate chick, human group “O" and rab- 
bit cells. 

Table II shows the inhibition of hemag- 
glutination of chick erx’throcUes by human, 
rabbit, and monkey serum and 20% bovine 
albumin in relative!}- high dilutions. Salk’s 
technic’ of the hemagglutination-inhibition 
test for antibodies against the influenza virus 
was employed. Similar results were obtained 
in hemagglutination-inhibition tests with the 
er}-throc}-tes of other spedes. The effect of 
heal on hemagglutination of chick cells by 

-■'B.-ilk. ,T. E., J. Immunol., 1044, 40, S”, 
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„ TABLE I. 

Kesults of Five Perfusions Witl.drawing Blood from the Vena Cava and Seturning It Throuel, •, 
. Femoral Artery-. ‘ 


Length of 
perfusion 
(min.) 

Blood flow 
(cc/min.) 

Film 

vol. 

(cc) 

No. of 
cylinders 
fllmed 

ceOo introd. 
per ce film 
per min. 

CCOn 
introd. 
per min. 

Survival 

time 

Plasma liemoglobiu (gtr) 
— — ■' ■ — 

Before .tficr 

10% 

720 

300 

4 

.272 

81.7 

6 wk* 



12 

680 

270 

5 

.272 

73.4 

1% hr 


.54 

11 

840 

210 

5 

.284 

59.6 

. 10 min. 

.25 

,23 

21 

760 

200 

4 

.266 

53.2 

IV-hr 

.70 

.71 


12,60 

265 

0 

.203 

78.3 

3 hr 

.80 

.94 


♦ Alive. 


introduced into the blood per cc of film per 
minute) is seen to compare favorably with 
that in earlier experiments (0.247 cc). There 
B'as one other survival. The remainder ex- 
pired at periods of 30 minutes to 36 hours 
after perfusion. Hemolysis was found to in- 
crease veiy little during perfusion. 

Conclusions, 1. An oxygenator consisting of 
8 concentric revolving cylinders which utilizes 


a funnel to deliver the blood into a small cup 
is described. 

2. Animal perfusions demonstrate that its 
efficiency as an' oxygenator is high enough to 
make it possible to perfuse the entire animal 
bodj'- udthout using an impractkaBy large 
amount of blood in the extra-corp>oreaI circu- 
lation. 

Received April 20, IPtu" P.S^E.B.M., lOW, 71. 


17135 . Hemagglutination by Normal and Poliomyelitis Stool Suspensions.' 


Albert Milder and Phyllis Adelman. 

From the Department of Bacteriology and Virology, Hledical Besearcli Institute, Miclinrl 

Seese Hospital, Ghieago, III. 


The phenomenon of agglutination of eryth- 
rocytes by certain viruses is well knorni.^ 
Viruses known to produce hemagglutination 
include influenza A & B, vaccinia, ectromelia, 
mumps, mouse pneumonitis, fowl plague and 
Newcastle disease. These agglutination re- 
actions can be differentiated from each other 
by inhibition udth specific immune sera. Cer- 
tain bacteria and pleuropneumonia organisms 
also have the property of agglutinating red 
blood cells. Recently, the presence of a hem- 
agglutinin in bacteria-free amniotic fluid of 
normal embrj'Onated hens eggs has been de- 
scribed by the Army Commission on Acute 
Respiratorv Diseases.- This substance was 
shown to be associated v,dth the globulin frac- 

seavcli Foundation. 

1 T M Viral and Rickettsial Infections 

of Man, .L b! iimdneott Co., 194S, r- TT. 


tion of egg albumin and gains access to am- 
niotic fluid when the contents of the albumin 
sac ruptures into the amm'otic cavity between 
tlie 11th and 13 th day of incubation. Hemag- 
glutination can also be induced by ricin, abrin, 
crotin and certain inorganic colloidal acids or 
bases such as salicylic acid and basic pro- 
teins as protamine. 

In studies on the detection of possible 
hemagglutination by the poliomyelitis virus, 
it was found that both normal and infected 
saline stool suspensions agglutinated the 
er 3 'lhrocytes of a unde variety of animal 
species. This paper is a report describing the 
agglutination of group “O’* human, chick, 
rabbit, guinea pig and sheep erj-throcytes by 
stool suspensions and some of the properties 

of the stool hema gglutinin. 

2 Commission on xteute Respiratory J)ise;i.scs, 
Pkoc. .Sor. E.xr. Bioi- axu Mk>., liun, 118. 
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reported by Griffitts.-"' This worker found 
that E. coU, Acrobaclcr acrogcncs, Alcaligcncs 
faccalh, Bacillus antltracis, Brucella abortus, 
Coryucbactcrium diphthcriac, EbcrthcUa ty- 
phosa, Proteus vulgaris, Salmomlla, Shigella, 
Staphylococcus aureus and a few other bac- 
terial species failed to agglutinate human 
erythrocytes. On the other hand_, 23 strains 
of Shigella alkaksccus, some strains of Hemo- 
philus pertussis, Vibrio comma, and Strepto- 
coccus pyogenes showed hemagglutination of 
human erj'lhrocytes. None of the species of 
bacteria which Griffitts reported to produce 
hemagglutination were isolated from stool sus- 
pensions cultured in the present study. 

Summary. Saline suspensions of stools ob- 
tained from both normal and poliomj'elitis pa- 
tients showed hemagglutination of group “O” 
human, chick, rabbit, guinea pig and sheep 

n Griffitts, .1. J., Proc. Soc. Exp. Biol, a.vo 
Med., 194S, fi7, 35S. 


erj'throcytes. The rabbit cells were agglutin- 
ated in highest titers. No significant difference 
in hemagglutination titer was noted with the 
normal and poliomyelitis stools. Normal hu-i 
man, rabbit and monkey serum and 20<yo 
bovine albumin inhibited hemagglutination. 
The hemagglutinin was thermolabile and ab- 
sorbed by group “0*’ human, diick and rab- 
bit ei^-throcytes. Stool suspension Seitz fil- 
trates failed to show hemagglutination, but 
the titer could be partially restored by metlian- 
ol precipitation. Various species of bacteria 
isolated from stool suspensions failed to ag- 
glutinate chick, group “0" human and guinea 
pig ery'Uirocjles but showed some agglutina- 
tion of rabbit cells in low titer. Mouse brain 
and cord suspensions infected with the Lan- 
sing strain of poliomyelitis virus also failed 
to agglutinate chick, human group “O’’ and 
rabbit erythrocytes. 

Received April 22, 1P4P. P.S.E.B.JI., IPtO, 7J. 


17136. .An Antithyrotoxic Factor for the Rat Not Identical with 
Vitamin Bjo.' 


Benjamin H. Ershofe. 

From ihc Emory IT. Thurston Lohorntoric.<!, Los Anyclrs. ond Department of Eiorhrmisiry and 
tCiitrition, University of Southern California, In>s Angeles. 


It has been demonstrated that whole liver 
powder will prolong surdval and counteract 
growth retardation of immature rats fed mas- 
sive doses of desiccated tfivToid.'"® Some con- 


• Tills paper reports re.senreh undertaken in co- 
operation with the Quartermaster Food .and Con- 
tainer In.stitute for the Armed Foree.s, and has 
heen a.ssigncd number 259 in the series of papers 
approved for publication. The views or conclu- 
sions contained in this report are tho.se of the 
author. They are not to be construed as neces- 
sarily reflecting the views or indorsement of the 
Department of the Army. 

Communication No. 203 from the Department 
of Biochemistry and Nutrition, University of 
Southern California. 

I Ershoff, n. ]i., Vnoc. Soc. E.xr. Biol, asb 
Med.. 19-tT, <11, .500. 

•-'Ershoff, B. IK, Arch. Uiochem.. 19<7, 15. 3C.5. 


fusion e.\ists, however, regarding tlie nature 
of the factor or factors responsible for the 
above effects. On rations containing soybean 
meal the retardation, in growUt caused by mas- 
sive doses of desiccated tliyroid or iodinated 
casein has been counteracted both in the rat 
and (diick by liver fractions ivitli vitamin B 12 
activity.^'"’ In subsequent work similar find- 
ings were obtained with crystalline vitamin 

•5 Betheil, ,T. .T., W'iebcihaus, V. D., and Lardy. 
H. A., J. .Viitrifion, 1947. Si-1, 431. 

• Bo.sshardt, D. K., I’.aul. W. ,T., 0 ’Doherty. K.. 
Ilufr, ,T, W., and Barnes, R. IL, .f. .Yiifrifion. 1049, 

••i7, 21. 

5 Register, tJ. D., Riicgamcr, 5V. R., .and Elrch- 
,}cm, C. .4., J. Dial. Chem., 1949, 177, 120. 

<■- Nichol, C. .\., Robblco, A. R., Cravens, \V. 4V.. 
and Elvehjem. C. A., .1. Diol. Chem., 1949, 177, 
G31. 



208 


Hemagglutination bv Stool Suspensions 


Effect of Heat 

TABLE III. 

on Hem.igglutination hv Stool Suspensions of 

Ciiiek Cells. 

Stool No. 

Temperature "0 

Time 

Titer 

3 

Unheated 



1:30 


65 

15 min. 

0 

7 

Unheated 


1:400 


56 

30 min. 

1:00 


65 

15 min. 

0 

17 

Unheated 


1:120 


65 

15 min. 

0 

18 

Unheated 


i:40 


65 

15 min. 

0 


T^VBLE IV. 

Hemagglutination of a Stool Suspension after Previous Absorption with Human Group 0, 
Chick and Habbit Erythrocytes. 


Absorbing cells 

Pinal agglutination titer 


Human group 0 

Cliick 

Guinea pig 

Eabbit 

Group 0 

1:10 

1:20 

1:20 

1:240? 

Eabbit cells 

1:60 

1:20 

1:20 

1:20 

Chick cells 

- 1:20 

1:20 


— 

None 

1:240 

1:240 

1:60 

l:.320-f 


stool suspensions is shown in Table III. In- 
cubation in a water bath at 6S°C for 15 
minutes completely destroyed the stool hem- 
agglutinin in the experiments listed in Table 
III, while heating at S6°C for 30 minutes also 
reduced the titer significantly. In other ex- 
periments, the hemagglutination titer was ap- 
proximate! the same when carried out at 
3-S°C, room temperature and 37°C. Storage 
for 2 weeks in the icebox resulted in a marked 
drop in titer. Stool suspension Seitz filtrates 
failed to show hemagglutination, but titers 
could be partially restored to the orig- 
inal) b}i methanol concentration at low tem- 
peratures.'* 

• The hemagglutinin could be absorbed in 
differential erythrocyte absorption experi- 
ments by group “O” human, chick and rabbit 
erythrocytes (Table IV). The absorption -was 
carried out by adding equal parts of 50% 
packed cells to the stool suspension, incubat- 
in'^ for IS minutes at room temperature and 
centrifuging at 1500 r.p.m. for 15 minutes. 
The supernatant was then drawn off and 
tested for the presence of hemagglutinins 


against homologous and heterologous erythro- 
cytes. Usually a single absorption was ade- 
quate for almost complete removal of the 
hemagglutinins. 

Discussion. The relationship of the stool 
hemagglutinins to those produced by Hruses, 
bacteria and normal amniotic fluid is un- 
knonm. The stool hemagglutinins resemble 
those produced by bacteria more closely be- 
cause both are thermolabile, decrease in titer 
on storage and are inhibited by normal serum. 
On the other hand, the virus hemagglutinins 
are more heat stable and are inhibited only 
by specific sera. 

Occasionally the stool suqrensions were bac- 
teriologically sterile but generally Escherichia 
coli, Staphylococcus, v'easts or diphtheroids 
were isolated. Turbid saline su-spensions of 
the various isolated organisms (containing 
approximately 1 billion per cc) were tested for 
agglutination -ttaLh chick cells, group “0” 
human, rabbit and guinea pig cells. No hem- 
agglutination was obser^’ed with any of the 
celts tested e.xcept the rabbit eiythrocytcs 
which agglutinated in relatively low titers (1:2 
to 1:6 dilutions of the bacterial suspensions). 
These results are in accord with those recently 


r Cox, H. I?., Ct al., J- Imiminol., 1947 , 50, 149. 



Liver and Thyrotoxicosis 


2U 


T^UJLE I. 


Omnpiirntive Effects of Vitomin Bjs :'nd Various I^ivcr Fractions on t!ie Grorvtii of Immature 
Eats Fed Massive Doses of Desiccated Thyroid. 


.Supplements fed 
with bas.’il ration 

tlij'roid 

Xo- of 
animnls 

Initial 
body wt. g 

.A-Vg gain in body wt .after 
28 days of f ceding, *■ g 

JCone 

.0 

10 

46.1 

47.8 -e- 4.0 

(fi) 

Whole liver powder 

.5 

10 

46.0 

109.7 -f- -’.I 
(8) 

103.4 -4- 4.4 

(9) 

Extracted liver residue 


10 

46.0 

Liver concentrate 1-20 

.5 

10 

46.1 

03.3 -4- 3.2 

(9) 

Vit. Bis 

.5 

10 

46.1 

4S.3 -1- 3.5 
(■) 

Xoiie 

.0 

Cl 

40.7 

OS.S -f* 5.S 

(fi) 

Vit. Bjo 

.0 

c 

45.S 

97.0 -4- 3.9 

(G) 


Tlic values in parentheses indicate the number of animals that survived of which this is an 
average. 


Inclnding standard error of the mean calculated as follows: / - / Vn where “d” is ' 

V n 

the deviation from the mean and “n” is the numlier of observations. 


contains one or more factors other than vita- 
min Bi 2 which were responsible for its anti- 
thyrotoxic effects under conditions of the pres- 
ent experiment. 

Available data indicate that requirements 
for a number of nutrients are markedly in- 
creased in the hv-perth\Toid animal.’'"* This is 
particularly true for some of the B vitamins. 
An increased requirement for thiamine,’-- 
pyridoxine, pantothenic acid, folic 
acid'^ and more recently intamin has 

been demonstrated follom'ng administration of 
large doses of thjToaclive substances. In ad- 
dition to the above, requirements are increased 
for at least one additional factor in the hx-per- 
thyroid animal. This substance, which has 
been termed the “antithyrotoxic factor of 
liver", is retained in the water-insoluble frac- 
tion of whole liver powder. Recent find- 
ings--*' with those of the present e.xperiment 
indicate that this factor is distinct from any 
of the known nutrients including vitamin 
By, S' 

Sunnuary. Growth was markedly reduced 
in hyperthxToid rats fed purified rations con- 
taining casein as the dietary protein and su- 
crose as the dielarj- carbohydrate. The re- 

1" Drill, V. .\., Phi/.sin!. Hcv.. 1943, 23, 3.S3. 

H Mtirtiu, G. .1.. .Imrr. .T. JJiu. Di.>i., 1947, 14. 
.•14]. 


tardation in growth was completely counter- 
acted by the administration of a water-insolu- 
ble fraction of liver. Crystalline vitamin Bis 
was ineffective. The protective factor in liver 
is distinct from any of the knorni nutrients 
including vitamin Bj,. 


’,111 While Ibis pai)er w.as in press Betheil and 
L.irdyl."' reported that crystalline vitamin Bjo 
jMirtinlfu eountcracU’d tlio growtli retardation of 
immature male rats fed massive doses of thyroid 
in a ration similar to that employed in tlie i)resciit 
experiment. Growth was signifie;iutly less, how- 
ever, than that oecurring in animals ferl a similar 
diet containing lOOi- whole liver )>owder. It would 
,'ip]>ear that Betheil and I*-irdy were dealing with 
a iiiuitiple deficiency induced iry thyroid feeding. 
1 itamhi B]._> was one of the deficient factors, hut 
optimum growtli w:is not obtained unless animals 
were .supplied an additional factor or faetor.s pres- 
ent in whole liver. Emerson'c. has recently found 
th.'it I it.smin m.'iy he stored in eonsiderahle 
amounts in the tissues of the young rat during the 
period of pregnancy and lactation. It is not un- 
likely that differences in the growtli of immature 
hyi>crtliyroid rats fed vitamin B]m may iie dne, at 
least in pan, to the vitamin Bj.j content of the 
pre-test dietary regime. 

’'■Betheil. .1. .1.. and I.ardy. II. A.. .7. Xiitrilion, 
1949, ;IT, 49.'i. 

I'’ Emerson, G. A., Frd. Pn>p.. 1949. «. 3S1. 
Receivwl April 1949. I’.S.E.lOETTMir'TiL 
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Liver and Thyrotoxicosis 


On rations containing casein as the 
dietary protein and sucrose as the dietary car- 
hohydrate, however, the retardatfon in growth 
i following administration of massive doses of 
thyroactive substances appears to be due to 
a deficiency of some other factor. This latter 
substance which has been termed the “anti- 
thyrotoxic factor of liver” is present in consid- 
erable concentration in the water-insoluble 
fraction of liver.-'® It is not present in sig- 
nificant amounts in liver fractions ■noth vita- 
min Bi 2 activity or other concentrates of 
vitamin Bia.^" In the present communication 
further data are presented concerning the in- 
effectiveness of crystalline vitamin Bjo as a 
source of antithyrotoxic factor for the imma- 
ture hjperthyroid rat. 

Procedure and results. The basal ration 
employed in the present experiment consisted 
of sucrose, 73.0%, casein,! 22.0%, salt mix- 
ture,* 4.5%; and U.S.P. desiccated thyroid,^ 
0.5%. To each kg of the above were added 
the following synthetic vitamins: thiamine hy- 
drochloride, 72 mg; riboflavin, 9 mg, pyri- 
doxine hydrochloride, 15 mg, calcium panto- 
thenate, 67.2 mg, nicotinic acid, 60 mg, 2- 
methyl-naphthoquinone, 5 mg and choline 
chloride 1.2 g.ll Each rat also received 3 
times weekly the following supplement: cot- 

■ Nicliol, C. A., Dietrich, L. S., Cravens, W. W., 
and Elvelijeni. C. A., Proc. Soo. Exp. Biol, and 
JtED., 1949, 70, 40. 

8 Emerson, G. A,, Proc. Soc, Exp. Biol, a.xd 
Med., 1949, 70, 392. 

'■> Erslioff, B. H., .and MclViili.anis, H, B., 
Science, 1948, 108, 632. 

lOErshoflf, B. H., Prp. ilccl. and Sttrff., 1948, 

C, 43S. ■ 

t Vitamin Test Casein, General Biocliciiiicals, 
Ine., Chagrin Palls, Ohio. 

4 Sure’s Salt Mixture No. l.H 

11 Sure, B. X, X 1941, 22, 499. 

^ Thyroid Powder, U.S.P., Armour and Co., 
Chicago, 111. 

II In view of the increased requirements for tlim- 
niine, pyrido.vinc .and p.antothenic acid in the 
hyperthjToid r.at,i2 tjie B vitamins in the present 
experiment were administered in exees.sive amounts 
in order to .as.sure an adequacy of thc.se factors in 
the 'diet. 

la Drill, V. A., and Overman. B., A m. J. PIni- 
.dol, 1942, lai, 474. 


tonseed oil (Wesson) SOO mg, alpha-tocopher- 
ol acetate 1.5 mg and a vitamin A-D concen- 
trate containing 50 U.S.P. units of vitamin 
A and 5 U.S.P. units of vitamin D.li In addi- 
tion to the basal ration the following diets 
were also employed, consisting of basal ration 
plus each of the followdng supplements; (1) 
30 y of vitamin Bi^ per kg of diet,** (2) lOfc 
whole liver powder,!t (3) 10% extracted 
liver residue,!* and (4) 4% liver concentrate 
l-20.?5 The liver fractions were added in 
place of an equal amount of sucrose. In 
addition to the above, two control diets were 
also tested. These consisted of (1) basal 
ration with thyroid omitted and (2) a simi- 
lar ration supplemented ivith 30 y of vitamin 
Bj 2 per kg of diet. Sucrose replaced thj-roid 
in both of the latter rations. Sixty-two fe- 
male rats of the Long-Evans strain were se- 
lected at 2 1 to 23 days of age and an average 
weight of 46.0 g for the present e-xperiment. 
Animals were, kept in metal cages with raised 
screen bottoms to prevent access to feces and 
were fed the above diets ad lib. Feeding was 
continued for 28 days or until death, which- 
ever occurred sooner. Results are summar- 
ized in Table I. 

In agreement with earlier findings whole 
liver powder completely counteracted the 
growth retardation of immature rats fed mas- 
sive doses of thyroid. The protective factor 
was retained in the water-insoluble extracted 
liver residue. Little if any activity was pres- 
ent in the water-soluble liver concentrate 1-20. 
Crystalline vitamin B ]2 was inactive. These 
findings indicate that extracted liver residue 

Nopco Fisli Oii Coiiceiifr.'ifc, .'iss.'iyiiig 890,099 
U.S.P. units of vit.nmin A ami 80,000 U.S.P. units 
of vitamin D per pram. 

** Till- vitamin Bio omployml in tin- present ex- 
periment was obtained from iferek and Co., Rail- 
way, N. J. 

f f Whole Dried Liver Powder, Armour and Co,, 
Chicago, III. 

44 E.vtraotcd Liver Residue, Wilson Labora- 
tories, Chicago, III. Thi.s material consists of the 
coagulated, water-insoluble material remaining 
after the removal of the extractable water-.soluble 
substanccu. 

Liver Concentrate Powder 1-20, Wilson Lab- 
oratories, Chicago, III. This material consists of 
the water-extractable material of raw liver. 
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TABLE I. 

Comparison of the Amount of Ascites Eormcd in a Group of Bats rvitli Partial Ligation of the 
Portal Vein ami in an Operated Control Group. 




Bats mth ascites 



' 1-4 ec 

■ ' > 

>4 cc 

Operation 

FTo. of rats 

l^’o. % 

i- -x 

Xo. 9c 

Intestinal manipulation 

26 

0 0 

0 0 

Portal vein ligation 

110 

GO 55 

10 14 


abdomen developed in only 3 of the rats. The 
2-Stage complete ligation of the portal vein 
did not cause a higher incidence of ascites. 

In view of the fact that the occurrence of 
ascites appeared to be quite unpredictable in 
tlie rats with partial ligation of the portal 
vein, the pressure in the portal circuit was de- 
termined. This was carried out by means of 
a simple small diameter manometer that was 
connected to a needle which was inserted into 
branches of the mesenteric veins. Heparin- 
ized saline was used in the manometer and the 
results obtained were corrected for capillarity. 
Anaesthesia was found to increase considera- 
bly tlie pressure in tlie portal system and the 
pressure could be made to rise and fall ac- 
cording to the degree of anesthesia. It was 
po.ssible, however, to bring all the animals to 
a constant stage of anaesthesia so that the 
pressures could be compared. Normal animals 
gave pressures ranging from 100-160 mm 
H-O. .MI animals with partial ligation showed 
values which were higher than the highest 
normal. Table II shows the portal pressure in 
9 rats along with the amount of ascites. It is 
evident tliat there is no direct correlation. 
However, there was a general tendencj’- for the 
animals with tlie higher pressures to have 
more ascites. The cause of the large amount 


TABLE 11. 


CVinipari.son of tlie Portal Prp.ssurc and the Volume 
of Aseitic Fluid in 9 B.afs Operated on G Days 
.\fter Partial Ligation of tlic Portal Vein. 


lint Xo. 

Poi tJil pressure, 
mm ILO 

(Xormal lOO-lGO) 

Ascites, 

cc 

1 

3a0 

4 

2 

320 

o 

3 

310 

3 

4 

280 

0 

5 

270 

10 

0 

250 

0 

T 

230 

o 

8 

220 

0 

9 

210 

0 


of ascites in some of the animals was not 
clear. It appeared as though other factors 
were operating in these animals in addition 
to increased pressure. With time the portal 
pressure gradually declined and usuallj' fell to 
a level just above normal at the end of 3 
weeks. 

Sinjimary. Partial ligation of the portal 
vein resulted in the development of a small 
amount of ascites in 69% of a group of 110 
rats. All rats showed an increase in portal 
pressure but the degree of increase did not 
correlate well with the amount of ascites. 

Koceived April 20, 1949. P.S.E.B.M., 1949, 71. 



212 


17137. Increased Portal Pressure and Ascites in Rats Following Ligation 
oi Fortal Vein. 


Henry G. Kunkel and AVilltam J. Eisenmenger. 

From the Hospital of The FocVefeller Institute for Mcclical Fcsearch, Few Tori- CiUj. 


Numerous reports have appeared in the 
literature^"^ concerning the failure to produce 
ascites in animals ligation of the portal 
veih. These results have caused some people 
to minimize the importance of increased por- 
tal pressure as a factor in the mechanism of 
ascites in patients with cirrhosis of the liver. 
Recently Blakemore"* and Linton® have dem- 
onstrated that ascites sometimes disappears 
following anastomoses between the portal and 
the general venous circulation. Portal pressures 
3 ■ and 4 times the nomal range have been 
found at operation in patients ivith cirrhosis 
accompanied by ascites. However, the exact 
role of elevated portal pressure in the produc- 
tion of ascites is not clear. 

The present experiments were undertaken 
to assess the influence of hypoproteinemia, in- 
creased Na intake and antidiuretic substances 
on the production of ascites in rats with ele- 
vated portal pressure. It was found that 
partial ligation of the portal vein alone pro- 
duced some ascites in a large percentage of 
the rats. These animals were demonstrated 
to have increased portal pressure. The addi- 
tive effect of the other procedures on ascites 
rvill be described in another communication. 

, Experimental Procedure and Results. Adult 
rats weighing 200-300 g were operated on 
under ether anesthesia and the portal vein 
above the splenic vein was ligated to approxi- 
mately its original circumference. This 
was carried out by exteriorizing the portal 
vein and tying it off completely. Then a small 
probe was inserted in the loose knot and it 

1 Eck, N. T., Voycna Meet. J., 1877, 130, 1. 

SBollmaii, J. L., Trans. Liver Injury Confer- 
ence, Josiah Macy, Jr. Foundation, 1948, 7, 21. 

sjlilncs, R. F., and Cliild, C. G., Pnoc. Soc. 
Exp. Biol, and JIed., 1949, 70, 332. 

4 Blakemore, A. H., Few Tori: State J. Hcd., 
1947, 47, 479. 

5 Linton, R. R., Hardy, I. E., and Volwiler, W., 
Surg., Gyncc. and Obst., 1948, 87, 129. 


was dilated to the desired circumference. If 
the ligation was complete, all animals died 
within a few hours. The portal pressure in 
such animals reached values as high as 1,000 
mm HaO and numerous small vessels were 
ruptured. In addition, there was marked en- 
gorgement of blood, giidng a dark red color 
to the intestines. In the partial ligation an 
effort was made to allow just enough portal 
blood to pass to prevent the death of the 
animal. The color of the intestines helped to 
determine the degree of obstruction. It was 
possible to raise the portal pressure as much 
as 200 mm of water by the partial ligation 
and still obtain &S% survival. Complete li- 
gation of the portal vein was carried out in 
2 stages in 42 rats by the method of Whita- 
ker.® This was a somewhat cumbersome pro- 
cedure and did not give significantly higher 
portal pressures than the one-stage pardal 
ligation. A 60% survival rate was obtained 
for the 2-stage complete ligation. 

Follon-ing partial ligation of the portal vein, 
ascites was carefully sought both bj' laparoto- 
mies and by placing a needle in the abdomen. 
Ascites was found in 69% of the animals. 
Table I shows the incidence of ascites in 110 
rats w^hich received the partial ligation as com- 
pared to a control group which received only 
intestinal manipulation at the time of opera- 
tion. The fluid obtained resembled human 
ascitic fluid with a slightly higher protein con- 
tent (an average of 2.2%). The ascites was 
found to develop usually on the second day 
after the operation, reach a peak at appro.xi- 
mately the 6th day and then gradually disap- 
pear so that few of the rats had any ascites 
after the 14th day. The ascites could easily 
be missed and was often not evident from the 
weight changes of the animals. Massive 
ascites requiring removal of fluid from the 

€Wl.it.4kcr, tv. L., Tr. 0 C. Soc. E.vi-. Bion and 
Med., 1940, Cl, 420. 
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TABLE I, 


X-tiiy BnsaRi-Morliility in Bats. 


r. 

X(i. rats 

5097 di'.'id 
(day.s) 

Vr niorfalily 
(30 diiy.s) 

1000 

.8 

(! 

too 

800 

.42 

H 

.00 

7.70 

8 

S 

100 

725 

8 

fi 

100 

070 

S 

10 

5.4 

0.75 

2S.5 

15 

70 

O-IO 

.S.4 

.40 

41 

025 

04 

45 

f>2 

ino 

8 


0 

.500 

17 


6 


.50] 




convenient endpoint for expressing the data, 
although in most instances observations were 
continued for 45-60 days or longer. For all 
practical purposes the present mortality data 
include indefinite siir\dval. 

Table I lists the results on 501 rats. 

The dosages (column 1) were plotted 
against per cent mortality (column 4) as 
shown in Fig. 1. 

Fig. 2 relates the survival time to per cent 



Fm. 1. 



mortality, for each dosage. Because of over- 
lapping, it was found most useful to pool the 
data as indicated. 

The time in days lapsing before 50% of the 
animals died was plotted against dosage, in 
Fig. 3. This relationship has been found use- 
ful in assessing the effects of drugs on radia- 
tion disease.’ 

IVhen the data were plotted by IMiller and 
Tainter's modification" of Litchfield and Fer- 
tigs method,*^ on logarithmic-probit graph 
paper, the LD.-.u was approximately 640 ± 5 r. 
However, it was difficult to fit the points to 
a satisfactory straight line by this method be- 
cause of the variations in the steep part of die 
curve, and from Fig. 1 it is evident that 
from 610 to 655 r (± 3%), a 0 - 86% 
mortality may occur. The ± 3% is the cali- 
brated limit of variation of the X-ray machine, 
so that any results from 0 to nearly 100% 
mortality could be expected within the “LD.-.o” 
range because of the steepness of the slope in 
this range. Only unless very large numbers 
of animals were used together with radiation 
dose variation in the hundredth per cent 
range, could this portion of the curve be 
duplicated from one experiment to the next. 

Table If lists some calculations from our 
data on the rat, compared with those of El- 
linger"”' for goldfish, guinea pigs and mice, 
and of Tullis, c( a/.’" for s\vine; of the rate 

X-RADiATiaM DCWE- MORTALITY (N FIATS 

(NO. OFANIMAIS t£R POINT INDICftTtD) 

TWtWWH 

WiAraOtAD 



500 600 700 aoo 900 ru.1000 


FlO. 

r MilliT, L. C'., .'iml Tfiintor, 5f. L., Piioc. Sof. 
E.\'l‘. Bioi.. AXD Mrj)., 1041, ."iT, 201. 

'' Litc-tificia, .1. T.. .tr., tiiiil Forlie. J. W., 

Jiihii.i Hiijil-inx Iln.sp., 1041 , < 10 , 270 . 

Eliiiifri'r, F., Ktiittohipii, ;{.■». SO.';. 

''iThSTh. 1 ... T<>.-«iiicr, ('. F., Crmititf, 1C, 1>.. 
.•iml rii.'imlwrf, F. W,. 1 . 04 !i. ,~2, ,'t!iO. 
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17138. Dosage-Mortality in Rats Given Total Body Roentgen Irradiation.* 


IViLLTAM G. Clark and Rex P, Uncapher, 

(With the technical assistance of Mary L. Jordan.) 

From the Scripps Metabolic Clinic and The Seripps Memorial Soxpital, La Jolla, Calif. 


In a previous communication^ we indicated 
that certain flavonoid compounds may de- 
crease the mortality of guinea pigs given ap- 
proximately an LD.io of total bod}' roentgen 
radiation. 

In attempts to extend these and other treat- 
ments to other species of small laboratory 
animals, some results have been obtained on 
dosage-mortality in' the rat, which may be of 
value to others working on the biological ef- 
fects of ionizing radiation. 

We have beerij unable to find previous pub- 
lished mortality data for the rat other than a 
note by Potter,- who reported 100% death in 
14 rats with total body radiation of 800 r. 
Prosser, ct al? state that the 30-day i\I.L.D. 
for single doses of .x-radiation is 600 rt for 
rats but no particulars were given. 

In our studies on the rat, over 500 animals 
have been used. The purpose of this com- 
munication is to report the dosage-mortality 
data for normal rats. 

The rats used ivere of the Slonaker albino 
stock, from which the I^^istar albino stock 
originated and which have been inbred in this 
laboratory since 1929.* Their food consisted 
of Purina laboratory chow available on the 
meshscreen cage floors and tap water from 

* Tiiis investigation was supported hr a research 


bottles with glass spouts. In all cases the 
animals were healthy young males, average 
body weight 100-140 g.l Six animals were 
caged together. The room temperature was 
78° ± 2°F. 

The animals to be irradiated were placed 
in a ventilated 6-partitioned plywood box, 6 
at a time. The dimensions of each compart- 
ment xvere 2" wide, 5" long (adjustable) and 
3" deep. The partitions were pl}'n'ood 
and the top xvas plyxvood perforated with 
holes. The bottoms were hardware screen 
and beneath this was a layer of rice 3 inches 
in depth which was used to provide additional 
backseat ter. J 

The X-ray factors were: GE Model KX-3, 
220-kv deep therapy unit, 200 kv, 20 JW, 

mm Cu and 1 mm Al added filtration 
(HVL, 1.05 mm Cu) 52.5 cm target distance 
to top of box, 30.4 r/min. in air single ex- 
posure total body irradiation. The times were 
varied to give the desired dosage. The unit 
is calibrated semi-annually by a registered X- 
ray physicist. The variation in output over 
the past year has been a little under 3%. This 
of course does not ensure accurate control 
from day to day, but since control animals 
ahvays were under the beam at the same time 
as the e.xperimenfals, this objection is not so 


grant from tlic Division of Researcii Grants .and 
Fcllowshijis of tlic National Institutes of Ilealtli, 
TJ. S. Public Health Service, 

1 Clark, AV. G., Uncapher, B. P., and Jordan, 
>1. L., Science, 1918, 108, 2fi9. 

2 Potter, J. C., Facliology, 1941, 37, 724. 

a Prosser, C. L., Painter, E, S., Disco, H., Brnes, 
A., Jacobson, L. 0., and Swift, JI. N., Jladiologtj, 
1947, 49, 299. 

t A. H. Dowdy (personal coiiiuuinie.ation) in- 
formed us that tlie Rochester Unit of the Manhat- 
tan District found an LD;o of C50 r for Wislar 
rats, wliich closely agrees witli the results reported 

heiow. „ , , 

4 MacKay, D. D., and MacKay, E. M., Am. J. 

Phtisiol., 1927-8, 83, 179. 


serious. 

It was found that if rats survived longer 
tlian 30 days they generally survived in- 
definitely. Hence, 30 days were taken as a 

t A wider weight distribution .should not he 
used, since Xainian' has shown a considerable 
effect of age on suscejitibilify of rats to total body 
x-radiation. 

•"•N.ainnm, D. N., Am. J. Locntgcnol., 1949, Cl, 
95. 

J Eilinger*’ has shown in mice lliat additional 
b.ackscatfer of this nature reduces the stccpnc.ss of 
the slope of the sigmoid inorfnlity enrve in tlie 
DD,-.o range. 

uElIinger, F., Jladiologp, 194.5, -14, 125. 
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observed that the serological reactions to a 
strain of virus of swine origin were similar 
to those obtained -nith strains isolated during 
the 1947 outbreak in the civilian population 
of the United States .=-* The evidence strong- 

suggests that this smne strain (Oti) is 
closely related to strains of human origin more 
recently studied which are being called A- 
prime. 

Materials and methods. Description of Vims 
Strains. The virus preparations used in the 
agglutination inhibition tests were taken from 
infected allantoic fluid. The passage history 
of each strain is as follows: Tjpe A RPS^ — 7 
ferret, 593 mouse and 69 egg passages; A- 
prime Rhodes- — 4 ferret, 7 mouse, and 13 
egg passages; A-prime FMF (obtained from 
Dr. J. E. Smadel) — 37 mouse and 15 egg 
passages; Swine 1976 (obtained from Dr. R. 
E. Shope) — 38 mouse and 19 egg passages; 
Swine Oti, a strain sent to Dr. R. E. Shope 
by Dr. JI. Tsurumi of the Imperial University 
of Nagoya, Japan. He, in turn, had received 
it from Dr. Oti, who originally isolated it 
from sivine in Korea in 1939. Dr. Shope 
noted that this strain was different in its be- 
havior from the American swine strains, and 
after being received in this laboratory- in 1944 
after 179 mouse passages it was soon realized 
that it acted a great deal like a type human 
strain. Since then it has been passed 33 times 
in eggs. 

Sera jroni Children. There were 175 chil- 
dren in the institution where the vaccination 
study was carried out; 56 recognized cases 
of influenza appeared among them between 
late February, 1947 and the middle of April, 
1947. Scrum had been obtained from most of 
the children at the termination of the vaccina- 
tion study, in early November 1946, four 
months before the outbreak of influenza. Be- 

e Kniiicis. Thomas, .Ir., .Salh, .loii.ns E,. aii<l 
Qiiitlifr.-m. .1. .T., .Ir., .Im. .J. Piih. IJratlh, 1047, 
-T7, ini.a. 

.M. .At.. Rhaffcr, F. tV.. Kirbcr, >r. W,. 
EiRh!. A. 15.. :in(l lUmh'. \V.. J.,f.Sr..t., lP4.‘i, 13*1, 
tar. 

^ Smailol, .T. E., Unit. V. ..(rmv .Vcd. Dept.. 
1047, 7. 70.'i. 

Francis. T., ,Tr.. Rrifnrr, IP.ai. 80. 4.17. 


ginning one week after the last clinically recog- 
nized case, appro.ximately seven months after 
the last previous sample, another specimen of 
serum was obtained from 52 children, eleven 
of whom had been noticeably ill during the 
epidemic period. 

Sera from Adults. A group of 93 pairs of 
acute and convalescent sera were obtained 
from patients admitted to the student Health 
Ser\’ice Infirmary- of the University of IMichi- 
gan during the period of the outbreak.- Fifty- 
eight of them had been inoculated with a vac- 
cine of combined A and B influenza viruses. 

Sera from Animals. All animal sera, with 
one exception, were from ferrets which re- 
ceived intranasal inoculations of the allantoic 
fluids containing the specific viruses. Sera 
were generally obtained before and 2 weeks 
after inoculation. Strict isolation technic was 
used and only- single strains of virus were 
introduced into the ferret isolation unit to 
eliminate the possibility of cross-infection of 
the animals. One anti-serum prepared in rab- 
bits (inoculated with the Oti strain in 1944) 
was used to check the identity of the current 
Oti line that was used in the tests. The results 
indicated that the current Oti line reacted 
the same as it had before any- A-prime strains 
had been isolated in this laboratory. 

Serological Tests. .Vntibody was measured 
by inhibition of agglutination of chicken 
erythrocytes. Four agglutinating units of 
virus were mixed with the serially- diluted sera. 
A pattern method® of interpreting the end- 
point was used. The titers are expressed as 
reciprocals of the modified means.” 

Neutralizing antibody was measured by in- 
oculating mice vith serially diluted serum plus 
500-1.000 MLD of the virus strains. The 
50 per cent endpoints® were calculated on the 
basis of the lethal effect of virus during a ten- 
day obsen-ation period. Titers are recorded 
as final dilutions of serum. 

Results. .-\n extensive examination was 
made of the sera obtained from the children 

‘'.Satk. .T. E.. J. Immunol., 1P44, 49. S7. 

1 Quillip.an, .T, .T., .Tr.. .and Fr.aneip, Tliulnas, .Ir., 
J. Clin, /nia-.vf.. 1P47. 20. 1079. 

Knal. E. .1., .and Munneli. IE. .Im. .J. Ilvrj., 
lO.ts. 27. 493. 
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TABLE II. 


Mortality Bate per r. Unit— Species Differences. 


Specie.s 

No. 

animals- 
used dx/dy*" 

Reference 

Rats 

500 

1.27c 

Clark and Uncapher 

Guinea pigs 

50 

0.7 

EllingeiU 

Swine 

32 

0.5 

TuIIis ct al.to 

Mice 

119 

0.3 

EllingerC 

Goldfish 

774 

0.08 

EllingerS 


* X = mortality and y — dosage in r, in the 
LDjn range. 


of mortality per roentgen unit dose, in the 
steepest part of the mortality curves. This is 
an expression of the slope, dx/dj’-, where x 
represents unit per cent mortality and y the 
unit dose. 

This means that 1.2% of the rats died per 
unit increment in dosage of X-rays, where the 
other species died at a lower rate per dosage 
increment. 

It will be interesting to compare these data 
with those for the dog, rabbit, monkey, cat 
and other species. 

It occurs to us that in studies directed to- 
ward the therapy or protection by pre-treat- 
ment of animals given' total body ionizing 
radiation, that if the mortality curves are 
quite steep, as in the rat, dosages in the 
“LDno” range may not be permissible, and 
'that dosages should be given which consis- 
tently kill 100% of the untreated animals, so 
that an estimation of protection could be 
made by both the time required to kill 50% 
of each group, as shorni in Fig. 3, and by the 


per cent final mortalitr". If the slope is not 
so steep (dx/dy is small) and if sufficient 
animals are used, it would be advisable to 
include at least 3 dosages, LDioo, LDr.o.co 
and Lr)2o-3o* 

Summary. The LD.-,o for total body X- 
radiation in IVistar rats is 640 ± 5 r ivith a 
30-day endpoint. The time elapsing before 
50% mortality occurs at different doses is a 
more reliable measure of mortality than the 
dosage-mortalit}'' curve or the dosage-suivival 
time curves for different X-ray doses. The 
dosage-mortality curve of rats has such a steep 
slope in the LDr,o range that variations in mor- 
tality of from 0 to nearly 100% ma.v occur in 
this range because of variations in animals and 
in the X-ray machine output. Therefore in 
studies directed toward therapy' or protection 
of animals given total body ionizing radiation, 
if the mortality curves are extremely steep as 
in the rat, dosages in the LD.-,o range should 
not be used. Other measures which might 
be employed are discussed. 

We wish to c.xprcss our gnititude to Dr. T. 
Eilinger, Director of Endiologic.'il Itescarch, Kiival 
Me.dical Bescarch Institute; to Dr. A. 11. Dowdy, 
chairmnn, Department of Radiology, .School of 
Medicine, University of Calif.; and to Dr. V. P. 
Bond and Peggy Smith of the Nav.v Radiologic.il 
Defense Lahoratory, San Francisco Naval Ship- 
yard, for reading tliis manuscript and making cer- 
tain suggestions. 

Received April 25, 1949. P.S.E.B.Jt., 1949, 71. 


17139. Resemblance of a Strain of Swine Influenza Virus to Human 
A-prime Strains.^ 


Thomas Francis, Jr., J. J. Quilligan, Jr-, and Elva Minuse. 

From ihe Department of Epidemiotogy and rims Eniiorntory, School of Piihlic ITralth, 
University of Michigan, Ann Arhor, Mich. 


In the course of studies in a group of 
children vaccinated with the Type -V PR8 

* Tins investigation was conducted under the 
auspices of the Commission on Influenza, Anny 
Epidemiology Board, Office of the Surgeon Gen- 
eral, U. s. .Army, AVashington, D.C. 


Strain of influenza virus, an outbreak of in- 
fluenza occurred in that population.' The 
children’s sera were being tested against dif- 
ferent strains of influenza virus, and it was 

1 Quilligan, .1. .r.. Jr., .Arinuse, Efvii, and Fran- 
cis, Tliom.is, Jr., J. Clin. l)iv>-il., 1949, 117, .572. 
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TABLE IV. 

Cross Hcmngglutinntion-lnliiljition and Alouse ICeutralizntion Tests witli AllautoU’ EUiid Antigens and 

Specific Ferret Antisera. 


Virus strains 


Scrum / ^ 

Ferret sera stage PR8 Rliodcs • FMl Oti Sninc 1970 

F7M393EG9 F4M7E23 M37E1.5 M179E33 M38E19 




HI 

MX 

HI 

MX 

HI 

MX 

HI 

MX 

HI 

MX 

G28 

X 

<32 

<4 

<32 

— 

— 

— 

<32 

— 

<32 

— 

I'RS-FIO.5 

1 

4090 

1024 

<32 

24 

— 

— 

<32 

<4 

<32 

<4 

G12 

X 

<32 

— 

32 



<32 

— 

<32 



<32 



PRS-FlOu 

I 

1024 

— 

32 

— 

<32 

— 

<32 

— 

<32 

— 

K24 

X 

<32 



<32 

<4 





<32 



<32 



RbD-F4M7E12 

I 

<32 

4 

2048 

512 

— 

— 

<32 

<4 

<32 

<4 

K25 

X 

<.32 



<32 



<32 



<32 


<32 



Hbo-F4M7E12 

I 

<32 

— 

2048 

— 

128 

— 

<32 

— 

<32 

— 

K4(; 

X 

<32 



<32 



<32 



<32 



<.32 



FM1-M37E14 

1 

<32 

— 

2048 

— 

1024 

— 

<32 

— 

<32 

— 

K31 

X 

<32 



<.32 







<32 

<4 

<32 

_ 

Oti-M179E33 

I 

128 

128 

128 

128 

— 

— 

2048 

.512 

32 

<4 

K3n 

X 

<32 



<32 



<32 


<32 

_ 

<32 


Oti-M179E33 

1 

128 

— 

128 

— 

<32 

— 

2048 

~ 

<32 

— 

K37 

X 

<32 










<32 

_ 

<32 

<4 

Swliio 1970-M32 

I 

<32 

<4 

— 

4 

— 

— 

<32 

<4 

512 

12S0 

K3S 

X 

<,32 


32 



32 


<32 


<32 


Svviuo 197Ci-Mr>2 

I 

<32 

— 

64 

— 

32 

— 

<32 

— 

23G 

— 


Fr= Ferret. M =: Mouse. E = Cliiok embrj-o. 

ICumiioj-s after letters correspond to number of passages in animals. 

N — Xorinal scrum. I ru- Immune serum. 

All titers are reciprocals of one. 

— Not done, HI — Heuiagglutiuation-inbibition titer. rrr Xeutralizatiou titer in mice. 


In this respect the response of the children 
appeared to be clearly more specific. 

.\ further comparison of the response of the 
children and the adults to the A-prime infec- 
tion is listed in Table III as the per cent show- 
ing incremental change in titer. This dem- 
onstrated again greater specificity on the 
part of tlie children with a rather striking 
parallel in the pattern of response to the 
Rhodes and Oti strains. The results in the 
adult group were less pronounced but followed 
the same pattern. As previously noted vac- 
cination tends to mask the effect of .\-prime 
infection on the antibody responses to the PRS 
strain. 

It api^ars that the Oti strain, when tested 
against human sera from individuals who had 
e.xperienced A-prime infection, showed anti- 
i>od\ reactions which stronglv suggest that it is 
an .X-prime strain. 


Results oj Studies Using Specific .-Ujimal 
.Antisera. The results in the two illness 
groups indicated the desirability of further 
investigation of the immunological character- 
istics of the Oti strain. Table IV shows the 
relation of cross-inhibition tests using specific 
ferret antisera against Type A-prime and 
swine strains. It is readily apparent that the 
Oti strain is more closely related to the A- 
prime and strains than to the Swine 1976 
strain. Furthermore, neutralization tests in 
mice paralleled the agglutination-inhibition 
tests. .Animals inoculated iiith the Oti strain 
developed high antibody titers against the 
Oti strain and slightly less antibody against 
the Tj-pe .\ or .\-prime strains while e.xhibit- 
ing no antibody against the swine strain. 
.Animals inoculated with the .A and .A-prime 
strains had no antibody against cither the 
Oti or the s^vine strain 1976. These results 
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X Ji, 

Effect of A-prinie Influenza A ims Iiifeetion on Serological I{es])onsc of the Cliildrcn E.vjJrcssed 
as flic Alodified Moan AntihoclY Titers. 





Modified inenn 

titers 

.Sera from 

Stage 

Xo. 

PRS Rho 

Oti 

Snine lOTi: 


Pre-infection 

52 

710 43 

38 

24 

Children 







Post-infection 

52 

625 160 

136 

35 


' 

TABLE XL. 


- 

Comparison of Antibody Titers of Vaccinated 

and Ummecinated 

Members 

of the Universitv 



Group. 






Virus strains 




PR8 

Rliodes Oti 

.Swine 197C 


A'ae. Unvae. Vac. 

Unvae. Vac, 

Unvae. 

A^ac. Uiiv.no. 

Eo. of 

.57 35 

56 

35 58 

35 

57 35 

sera tested 






Acute* 

371 77 

40 

34 141 

63 

50 3,5 

Com-.* 

722 230 

114 

106 415 

242 

100 90 

Fold — iiie. 

1.9X 3X 

2.8X 

3X 2.9X 

3.SX 

2.1X -.OX 

in means 






* Modified mean titer. 







TABLE III. 



Effect of A-prime Influenza Virus 

Infection on 

Serological Response of Two 

Gronp.s of liiiVi- 


viduals Expressed as the 9^ Slioning Incremental ClKin/jes in Titer, 


A''irus 

Decrease or 

2-fold 

4-fo)d or Total 

Group 

strain 

no eliange 

rise 

greater rise Xo. 

University 

PR8 

30 

33 

37 


students 

Rlio 

21 

29 

.50 

93 


Oti 

22 

26 

52 

93 


Swine 1970 

29 

41 

30 

91 

Oliildren 

PRS 

73 

11 

16 

37 


Rho 

18 

22 

61 

.51 


Oti 

OO 

15 

63 

51 


Swine 1976 

53 

29 

18 

51 


following repeated inoculations of the uni- 
valent vaccine.’ It was found that but a 
minimal rise in antibod^r to the 1976 strain 
of swnne virus occurred and the response as 
measured with the Oti strain was small. 
However, when the sera taken after the out- 
break of influenza were compared with those 
obtained earlier a sharp increase in titer to 
the Oti strain w'as noted (Table 1). There 
was no significant change in the low titer 
against the Swine 1976 strain, nor in the 
high post-vaccination titer against the PR8 
strain. ‘ The results with the Oti strain were 
essentially parallel to those measured by the 
Rhodes s'train (A-prime) isolated during the 
J947 epidemic. Since all the children in the 


group were vaccinated with PR8 the lack of 
further response to that strain could be readily 
ascribed to the vaccination. 

The group of University^ students who had 
been sick comprised both vaccinated and un- 
vaccinated persons. The highest convales- 
cent mean titer and the largest incremental 
increase in mean titer among the unvaccin- 
ated were obsen'ed against the Oti strain but 
threefold rises also occurred against both the 
PR8 and the 1947 Rhodes strain (Table 11). 
A definite rise to Swine 1976 strain also took 
place. In the vaccinated group, there w'as 
also an increase in titer against all strains 
used, although the incremental rises were 
greatest acainst the Oti and Rliodes strains. 
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undesirable side effects of epinephrine, nota- 
bly the abrupt pressor action.^"^ The marked 
h\-perglycemic action of epinephrine %vould 
also constitute an undesirable side effect, par- 
ticularly if it were to be used for the treat- 
ment of bronchial asthma in diabetics. It was' 
therefore of interest to determine whether 
these compounds have appreciable hj'per- 
glycemic actions, and the results of the study 


are included in this report. The recent reso- 
lution of arterenol(dl-norepinephrine) by Tul- 
lar^ has provided the opportunity to study 
the pharmacologj^ and the h\-perglycemic ef- 
fects of the two optical isomers of this com- 
pound also. 1-Arterenol is of particular in- 
terest because of its possible identity with 
Sjunpathin E.®'® The compounds studied and 
their structural formulae are given below; 


Chemical or trade 

Compound ICo.*' name 

Win 1G2 Butancfrinet hydrochloride 

(dl-ethylnorcpincphrine 
hydrochloride) 


Win 273-C 1-Artercnol hydrocliloride 


Reference to method 

Structural formula of preparation 

OH Suter and Ruddy® 



enoH 


i 

GHXH^ • HCl 

1 

(•bHr. 


OH Tullnr-i 

I 

/\OH 


\/ 
i 

HOITH 

I 

CHnXH; • HCl 


Win 273-5 d-.\rtcrcnol livdrocliloridc OH Tullar* 

1 



HCOH 


! 

ClUXIIn - HCl 


Win 515 dM-(3.-l-<Uliy(lroxy{ihcnyl)- 

2-cycloiH‘ntyhiininoliutanol 
hydrochlorule 


OH Bockmiihl ct o!JO 



OHOH 


HCC-H- 


nx 


.c4 

\ 


CH^CH.. 


CH..— t 


HCl 
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differed from the findings in man -where ex- 
perience with an A-prime infection caused 
rises in anti-Oti antibody. Using the more 
specific animal sera less evidence of cross in- 
hibition bet-ween the Oti and other strains 
was obtained than between the A-prime strains 
of Rhodes and FMl. The Oti strain did not 
crossreact %vith the antisera to the PR8, Type 
A, strain. It should be pointed out, however, 
that anti'Oti serum gave as much inhibition 
of the Rhodes strain as anti-Rhodes serum did 
with the FMl strain. Further, there is con- 
siderable variation in the amount of cross re- 
action obtainable with strains of the A-prime 
group. In any event, it appears that this 
strain behaves like a type A strain and certain- 
ly does not have the characteristics of the 
swine strains described by Shope.^'’ These data, 
while not decisive, taken together with the 
results obtained with human sera seem to 
warrant the inclusion of the Oti strain with 
the A-prime groups of 1947. 

Discussion. The history of the Oti strain 
seems sufficiently accurate to accept the fact 
that it was originally isolated from infected 
swine in Korea where swine influenza is recog- 
nized largely as a low grade endemic disease 
and differs from the sharp epidemics described 
in the United States, The data presented 
in this paper call attention to the definite 
antigenic resemblance of this swine strain, 
isolated in 1939, to strains such as the A-prime 
group first prominently encountered in human 
disease in 1947. It may be that some of the 
peculiarities of that group of strains are re- 
lated to their earlier adaptation in the animal 
host. If subsequent studies should increase 


the possibility that these infections of man 
arose from a swine host, it avould represent 
a reversal of the sequence of host infection 
from that suggested earlier, by Koen'-' arzi 
.Shope’" for swine influenza recognized in the 
United States. On the other hand, the virus 
may have been of human origin, fortuitously 
delected in swine. 

Conclusions. 1. A strain of swine influenza 
virus (Oti), isolated in 1939, has been re- 
investigated by serological means and found 
antigenically to resemble some members o! 
the human A-prime influenza virus group, 

2. Significant increases in the levels of anti- 
body against this swine strain of influenza 
virus were detected in the convalescent blood 
specimens of children who had had e.v- 
perience during the A-prime influenza epi- 
demic of early 1947. High tilers of antibody 
were also found against the current .■\-primc 
strains. 

3. Adults involved in the same epidemic 
also showed significant antibody increases 
against the same swine strain and the current 
A-prime and Type A strains. 

4. Results of cross hemagglutination inhibi- 
tion tests with specific ferret anti-sera sup- 
ported the observations made from the sero- 
logical tests with human sera. 

5. The relationship of this .wine strain to 
members of the .‘\-prime group has been <Ii5- 
cussed. 

9 Por.sct, M., Mclirvdc, C. N., nml NUm, V. B., 
Vet. /Iwii., 1922-23, «2, KiU. 

it.Sliope, B. E., llan-nj J.rcturcs, 193'i-3tj, iti, 
183 . __ 

April USrmlurrXE.B.M., li'tu, 71. 


17140. The Hyperglycemic Action of Some Analogs of Epinephrine 

Evan IV. IMcChesney, John P. Mc.Aoliff, and Harold Blu-mberc.* 
From the HtcrUng-Winthrop Itexcarch iMlitiUr, J'rtixschur, .V. 3 , 


The preparation in the chemical labora- 
tories of this Institute of a series of impounds 

Products Inc., Rich- 
mond liiB, A . 


to be studied for bronchodilalor action h.as 
made available to us a group of epinephrine 
analogs, all of which have this action to a 
desirable degree. They also lack .some of the 
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TABLE I. 


Itypcrglyceinie Action of Some Epincpliriiic Annlngs in the Rnbbit. 


Compound name 
or Xo. 

Bose,’ 

iiig/kg 

Xo. of 
rabbits 

Rise in blood sugar, mg^c 
Avg Range 

Time of peak rise, 
br .after inj. 

l-cpincpbrine 

0.15 

,3 

KM! 

lS-157 

3 

1 1 

0..3 

s 

207 

200-212 

3 

if 

0.5 

S 

495 

4G2-352 

2,4? 

Win 162 

1 

3 

11 

7-14 

21 

r 1 

») 

3 

20 

14-31 

O 

ff 


3 

50 

41-6.5 

o 

j » 

10 

6 

70 

50-96 

o 

J-:irtcrcnoI 

0.25 

*7 

40 

23-57 

1 

Jr 

0.5 

4 

33 

lS-44 

2? 

j j 

1 

3 

.Of! 

53-149 

3 

i t 

O 

6 

iro 

.52-230 

o 

d-.nrtcreno! 

o 

4 

17 

5.31 

o 

J) 

10 

.S 

47 

0-SG 

2-3} . 

Win .715 

10 

4 

Gl 

43106 

1-2} 

i f 

20 

G 

S3 

25-145 

1-3} 

Isuprel 

10 

10 

IS 

0-37 

1-4}? 

t f 

25 

6 

28 

0-45 

1? 

Win ,3040 

5 

o 

52 

20-S.5 

1 


10 

5 

S4 

40140 

1-2} 

9) 

20 

0 

71 

36-98 

1 

Controls 

0 

s 


—2-10 

— 


* All (loses were eulciilatod in terms of tlie free base, 
i After it iviis estnblished preliminnrilr tliat tlic peak respunse was at 2 liours after injection 
the siibsc(iuent observations were made only at that time. 

J In these cases about as many animats showed peak responses at one time as anotln’r. 
i No observation was made at 3 hours in these cases. 


this average peak are recorded in the Table. 

Condtisions. 0{ the several compounds 
tested, only l-arterenol has a htperglycemic 
action of the same order as that of I-epineph- 
rine. Its activity can be placed at about 
’/s of that of epinephrine, while the d-isomer 
has about l /’20 of the activity of the 1-isomer. 
Sahyun’-* found that dl-arterenol, 1 mg/kg. 
produced an average rise in blood sugar of 
78 mg% 3 hrs after subcutaneous injection in 
7 rabbits. This is considerably more activity 
than would be calculated from our observa- 

H.s.-ihyun. JI.. JrrJi. Intern. Phtrm., 103.3. .13, 

L’sr., 


tions on the separate isomers. However, if 
one of his rabbits (No. 8. Table II) is elimi- 
nated from consideration, the average rise be- 
comes onl\- 61 mg%. and the discrepancy is 
much less. Of the other compounds studied, 
Isuprel is clearly the least active. The ap- 
proximate h\-perglycemic activity of the whole 
series of compounds, taking I-epinephrine as 
100. is as follows (all figures given have been 
calculated in terms of the free base): l-arter- 
enol. 12; Win 3046. 1.7; Butanefrine, 1.6: 
Win 515. 0.7; d-arterenol. 0.6; and Isuprel. 
0.12. 

Received April iP, I.OIP. r.P.E.B.Jr., 71. 
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Epinephrine Analogs 


^\in 51G-2 Isuprclt hydrochloride 

[dl-1- (3,4-dihydroxy- 
phenyl) -2-isopropylaniiiio- 
ethaiiol-liydrochlo'ridc] 


OH 

OH 

inoH 

1 

CHo 

I 

HN 0H(CH..)2 


Sclicuiiig and TliomSii 




HCl 


AVin 3046 

dl-1- (3,4-dihydro.\3-- 

OH 

Bockmiihl ft al.W 


phenyl)-2-isopropylamiuo- 

/\OH 



1-butanoI hydrochloride 

11 



Y 

OHOH 


I 

HC— aH; 


HN CH(CH..)2 


HCl 

* Laboratory system of classifleation. 
t Registered trade-marked names of Winthrop-Stearns Inc. 


Experimental methods. The compounds to 
be tested were injected subcutaneously into 
healthy adult rabbits (wt. l.S-4 kg), follow- 
ing an 18 hr fast. They were administered 
in a volume of 1 cc of 0.9% NaCl/kg e.xcept 
in cases where solubility limitations required a 
larger volume. Control animals received the 

I Lands, A. it., Nash, V. L., Dcrtiiiger, B. L., 
Granger, H. K., and McCarthy, H. JI., .7. Pliarm. 
(111(1 Eip. Thcrap., 1948, 02, 3G9. 

- Taintcr, M. L., Cameron, W. >r., Whitsoll, 
L. J., and Hartman, M. M., ibid., 1944, SI, 269. 

a Lands, A. M., Siegmiind, 0., and Ananenko, E., 
Fed. Proc., 1949, 8, 312. 

•1 TuIIar, B. F., J.A.C.S., 1948, 70, 2067. 

■"Luduena, F. P., Ananenko, E., Sicgmund, O.. 
and Miller, L. C., J. Pharm. and Exp. Thcrap., 
1949, 05, 155. 

fi Gadduin, J. H., and Goodwin, L. G., J. Phy- 
siol., 1947, 105, 357. 

7 West, G. B., Pharm. .7., 1947, 158, 6. 

s ron Euler, U. S., Hcicncc, 1948, 107, 422. 

o.Suter, C. M., and Ruddy, A. W., .7. A. C. S., 
1944, 00, 747. 

to Boekinuhl, ^I., Ehrhart, G., and fetcin, L., 
H. S. Patent No. 2,083,001. 

II Scheuing, G., and Thoinji, 0.. t . 8. Patent 
No, 2,308,232. 


saline injection only. Blood samples ivere 
taken from the ear vein and were anah’zcd 
for glucose by the Folin-Malmros method,'* 
or by a slight modification! of the Schales 
and Schales method."* Samples were usually 
taken at 1, 2, 3, and 5 hours after the injec- 
tion. Analyses were also made before the in- 
jection, and any animal which gave a fasting 
blood sugar level of 130 mg% or more was 
rejected from that test. The results are pre- 
sented in Table I. For purposes of simplifi- 
cation of the Table, only the peak rise of blood 
sugar, the e.xtreme range of the rises in the 
several animals, and the appro.ximate time of 

iC’FoIin, 0., and jr.-ilmros, II., ,7. Binl. Chrm., 
1929, S3, 115; Horvath, .S, JI., and Knelir, C. A., 
ibid., 1941, 140, 869. 

i Tlic autliors state simply that a Folin-l' u 
filtrate is to be used. Tlie filtrate was tirerefore 
I)rei)ared as follows: to 0.2 ee blood add 3.8 ee 
water followed by 3 cc of 0.6797 sodium tung.state 
and 3 cc of 0.045 N. sulfuric acid. Centrifuge, and 
take 5 ec for analysi.s. If the blood sugar is 
found to e.vcecd 300 mg 97, the analy.«is is ri'- 
jieated on 2 ce of filtrate. 

.Schales, O., and Sehale.s. S. S., Arch. Jim- 
chem.. 194.5, 8. 28. >. 
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17142. Effect of Cortical Extract and Other Agents on Eosinophilia of Mice 
Infected with Trichina spiralis* 

Kathryn F. Stein.* (Introduced by Arthur Kirschbaum.) 
rrnm the Department (if Anatnmn, VnitersUii of .Vinne.intii. Miniiriipdlix. 


.An absolute reduction in the number of 
circulating eosinophiles occurs within a few 
hours following the stimulation of the human 
adrenal cortex with adrenotrophic hormone,^ 
The same effect can be induced by the ad- 
ministration of cortical hormone, or epi- 
nephrine^' which presumably stimulates anter- 
ior pituitaiy secretion of adrenotrophic hor- 
mone. Lymphopenia accompanies the drop in 
eosinophiles.-’ 

.A test animal in which eosinopenia can be 
readily determined for bioassay of adrenotro- 
phic activity is desirable. In the mouse the 
normal level of blood eosinophiles is so low 
that normal animals cannot be utilized to 
good advantage. However, within 3-4 weeks 
after forcible ingestion of trichina-infected 
meat the mouse e.xhibits a decided eosinophil- 
ia which persists at a rather constant level for 
a matter of weeks. It was the purpose of this 
investigation to determine whether such in- 
fected animals might serve as a test object for 
hematologic assay of adrenocortical activity 
and/or function. The procedure was the fol- 
lowing; 

1. Young adult male mice were force-fed 
pectoral muscle from trichinous hosts (infec- 
ted rats);t eosinophilia of 4-20'^ was present 

* This iiivpstijintifm litis licrii aided i>y grants 
from tile Dohiut F(»undation and the (iraduute 
School of tlip I’liiverf^ity of >finin*-5ot:i. 

i VrrsiMit :iddns*j: I)ejr3irtineiit of Zoology, 
Mtoint Iltdyoki' Collepe, South Ihidley, 

* 'i’liorn* (J. \V,, F(ir*h:ini. U.. llofant, I-.,, and 
fUII't. A, n., /’rofxrrnn .(,ssn. Sfnd»/ /ot^niof Sfrre- 
fions, llt-m, 1<I, 

- Ihvanl, L., Fnrshatji, I\ II.. :iTni Tiiorn, (». W,, 
/'rn//nim .I.viij, S/ir/Jt/ Jiitrnwt St rrrtiftTiJi, IIMS, 
11 '. 

itills G., 1*. H.. KiiiHi. V. .\., 

Jil-Kn}, iiMs, ;i, 

; Till- .-iiitlKir itiitcM,-,] til Hr. rniiikliii Wat- 
l.-ii-i’ fit till- Pi‘ji,-irtii]‘-iit fif Xii.ildtty. I'nivcrsily of 
Mimii-fita, fur ^Ujiiilyiiio rat« ii\f.-.ti-ii Avitli 
trit'irnn. 


within 4 weeks and persisted for at least 5 
weeks. 

2. Total and differential counts, the latter 
on at least 100 cells, stained with Giemsa or 
Wright’s stain, were made on the tail blood of 
unanesthetized animals. 

3. The test material was then administered 
and counts were made after 6 and 24 or 48 
hours. 

The materials tested for their effect on the 
trichina-induced eosinophilia were -whole 
adrenal cortex in oil, testosterone propionate, 
estradiol dipropionate, epinephrine, urethane, 
and peanut oil.^ Crystalline hormones were 
dissolved in peanut oil, urethane in water. 

Within 6 hours after the subcutaneous ad- 
ministration of cortical extract (0.1 cc lipo- 
adrena! cortex — Upjohn) the percentage of 
circulating eosinophiles had dropped from 12.7 
to 1.6 (average of 7 animals). In this series 
of animals the decline in total white -blood 
cell count averaged 5700 cells/mm”. in eosin- 
ophiles 1800, and in lymphocytes 2900. The 
initial counts averaged 16,400. Preliminarj’ 
findings on 4 intact and 2 adrenalectomized 
trichinous mice injected subcutaneously with 
sex steroids (70 /ig testosterone propionate 
and 25 /ig estradiol dipropionate) revealed 
that within 6 hours following injection, e.x- 
cept in one animal, the percentages of the 
white blood cells were not significantly affec- 
ted. This was true also for the one adrenalec- 
tomized and 4 intact trichinous mice -which re- 
ceived injections of peanut oil. 

The absolute number and the percentage 
of circulating eosinophiles were reduced in 
trichinous mice by the subcutaneous adminis- 
tration of epinephrine (0.02 mg /1 00 g hourly 
for 4 hours). The drop in eosinophiles (at 

4 Tin- .•iiillmr is iinli'litf-d to Dr. F. K. Uii!ii:htnri 
<if rili:i I’li:inn:n-i-u!ii-;il I’rinlurti. tlinmcii v.-!ici-i- 
i-niirti—y till- ri-x Iiorimiiu-s v.-i-n- iiin'li- aviiiliilvli-, 
nil*! til Dr. I.. K. .Tfi-'-.i-lyn nf .Milintt I.ati-tr:iOirii-« 
fur s>ii>]ilyiiin un-tliniK-. 
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Further Investigations on Donovaitta granulotnotis. 

./ . ■ Geoffrey Rake, Felix Pansy, and John J. Oskay. 

From The Sqttihh Institute' for Medical Research, Xcic SriinsiricI, .V. J. 


It Fas been suggested elsewhere'*-’ that 
Donovania gramdomatis, the etiological agent 
of granuloma inguinale,^ may be a member of 
the tribe Escliericheae and be related to the 
genus Klebsiella. In this connection it was 
of interest to examine the carbohj*drate fer- 
mentation reactions of D. gramdomatis. Mem- 
bers of the Klebsiella group are known to vary 
vndely in their capacity to ferment sugars, the 
K. pneumoniae group being the most active 
and K. rhmoscleromatis the least. 

For the present investigation both solid and 
fluid media w'ere used. These have been de- 
scribed in detail elsewhere.’* In brief, the 
fluid medium was a beef heart infusion broth 
without the usual added glucose but with 
the various sugars listed in Table I added 
to a final concentration of 1% and -with 
Andrade’s indicator. The solid medium was 
a Levinthal beef heart agar again without 
the usual added glucose but with the same 
sugars to a final concentration of 1% and 
with Andrade’s indicator. The results are 
shown in Table I. 

All fermentation tests were held for 4 weeks. 
It n*ill be noted that in broth onl}^ the 3 mono- 
saccharides, glucose, fructose and galactose 
were fermented, while on solid medium there 
was also a delayed fermentation of maltose. 
In no case was any gas produced. In general 
Z7. gramdomatis would seem to be even less 
active than K. r/iinoscleromatis but from the 
point of view of these biochemical reactions 
could fit into the pattern of the Klcbsicllac. 


Fermentation 

TABLE 1, 
Reactions of B. 

Oraniilomih. 


Broth 

Agar 

Glucose 

-f (5)* 

+ (5) ' 

Fructose 

.+ (0) 

+ (S) 

G.alactose 

+ (G) 

+ (5) 

llalfose 

0 

+ (9) 

Sucrose 

n 

0 

Lactose 

0 

0 

iMnnuifoI 

0 

0 

Inositol 

0 

0 


* Indie.itcs that signs of aeid foniiafion 
first noted on tlic Sth day. 


Further studies have been carried out on 
the sensitivity of D. gramdomatis to the dif- 
ferent streptomycins. The in vitro sensitivity 
has proved to be particularly high, over 3 
times as high as the next most sensitive organ- 
ism. In Table II the minimum inhibiting con- 
centrations of the pure streptomycins are 
shown and compared to the next most sensi- 
tive organism encountered — the BCG strain 
of M. tuberculosis var. bovis — and' to K. pwm 
maniac, an organism of greater than average 
sensitivity. 

Summary. D. gramdomatis shows dela\*ed 
fermentation of a few carbohydrates, chiefly 
monosaccharides, without gas formation. In 
this respect it resembles K. rldnosclcromafis. 
Its sensitivity is high against all the pure 
streptomrxins and cases of granuloma in- 
guinale should react as favorably to treatment 
with dihydrostreptomycin as to treatment ’n’ith 
streptomycin itself. 

in^ved M.-iy 3, lOtU. ItltP, 7t. 


TABLE II. 

/» vitro Sensitivity Apninst Puro Strcjitomveiiis. 


Orgaiusni 

J). pravulomatiK 
K. pnnnnoninc 
M. itiherndosis (strain BCG) 

iRake, 0., J>". .J. Snpli., Gnu. ami 
1948 , 82 , 150 . 

2 Rake, G.. I- Fact.. 1948. -"i. SO;.. 


Strepto- 

mypiii 

Diliydro- 

slrcpto- 

niycin 

.strrjito* 

niyein 

piliydrornnn- 

nosklootrrp* 

tomyviu 

0.167 

1.76 

u.r ,2 

0.1. '.I 

1.7C 

0..1.7 


n.np 

3.7 

i'vn. iJta,, 

a Aiidcr.son, 
J Rake. G.. 

, K., Scmirr, JPJ 
niul O^koy, J. •K 

07, 560. 

, pact., 1P4S. 
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TABLE I. 

C5<jini):ir;ifive Effects of rtcrovlglutiiniie Aeitl. Liver Extract nnd Vitamin Bjo on tiic Grmvtli 

of Rons Sarcoma. 


.Supplements 

.Amt inj. 
daily 

No. of 
tests 

Total No. 
of chicks 

chicks 
w. tumors 

Avg tumor 
size 

None 

— 

6 

CO 

3 

+ 

PfcrovlKlut.ainic Acid 

5 7 

.1 

23 

01 

4- 

f 1 >J 

10 7 

a 

50 

78 

4 — f- 

>} JJ 

50 7 

0 

57 

SS 

-1-4-4- 

l.T Unit Liver 

.01 ce 

1 

10 

70 

'h 

15 ” 

.025 cc 

2 

20 

CO 

-f" 

15 ” ” 

.05 cc 

o 

20 

CO 

_j_4. 

15 ” 

.10 cc 

o 

20 

S5 

4-4-4- 

Tit. Ej.. cuiicentr.Tte 

s .05 7 

o 

20 

«” 

4- 

? • ? J f J 

= 0.1 7 

i 

10 

CO 

_|_4_ 

• J if f i 

sj 0.5 7 

4-) 

20 

i a 

4-4-4- 

i * if *i 

^ y 

O 

19 

cs 


if a if 

- 0.0 7 

o 

20 

85 

-L-j-4- 

j Tit. B,o 

( I’terovlplutaniic Acid ’ 

J 2. 0.5 7 

1 10 7 

1 

10 

90 

-^4,^4- 

jYit. Bi2 

( Ptcruylplut.aiiiic .Acid 

j s 2.0 7 

1 10 7 

1 

10 

100 

4- 4- 4- 4- 


the synthetic pteroylglutamic acid deficient 
diet and water ad libitum and were injected 
with tumor suspension as previously de- 
scribed.- Supplements of pteroylglutamic 
acid and the preparations reported here were 
injected intramuscularly daily at the levels 
indicated in the table. 

It was found that 15 unit liver extract* 
would apparently replace pteroylglutamic acid 
at levels as low as 0.01 ml per day in stimulat- 
ing the growth of Rous sarcoma in chicks fed 
this synthetic diet. It is known that parenteral 
liver extracts contain very little pteroylglu- 
tamic acid-’ and therefore cannot substitute 
for this factor in the nutrition of chicks. A 
preliminary study was then made of the prop- 
erties of the factor in liver which was respon- 
sible for tumor stimulation. 

Since 15 unit liver e.xtract (beef) is a rich 
source of vitamin Bi-j and the properties of 
the li\'er factor were found to be similar (o 
this vitamin, highly purified concentrates of 
vitamin Byj were also tested. These were 
found to give the same results as the liver 
extract itself. The preparations were pre- 
viously assayed microbiologically* and bv a 

I.' l iiit tptt.jtarcd from livvf 

livi't). 

■■'(T;irk. C. W„ .Iin. J, Mr,/. Sri.. liM.'i. 20 !?. .'CP. 


chick growth method^ for their vitamin Bj; 
content. 

Some tjpical results are presented in Table 
I. Pteroylglutamic acid alone gives a high 
incidence of growing tumors of good size. The 
liver extract alone gives quite similar results. 
The effect of the liver is duplicated by dosages 
of vitamin Bjj as low as 0.05 y per day. The 
higher levek of this factor give larger sized 
tumors than the lowest levels in the 14-day 
test period. When pteroylglutamic acid and 
vitamin Bj; are given together, the tumors 
come up earlier and attain greater size than 
with corresponding levels of either factor 
alone. 

Thus it appears that vitamin B,; does not 
entirely replace pteroi’lglutamic acid in its 
growth promoting effect on the Rous tumor 
but is required in addition to give ma.ximum 
tumor growth under these particular dietarj' 
conditions. 

Summary. Vitamin has been demon- 
strated to have a role in the growth of Rous 
sarcoma in chickens comparable to that pre- 
viously shown for pteroyl.alutamic acid. 

t \Vi‘ tliank Mr. A. for tliesf nssnys. 

? M liitpliilt, .\. n., I\ irtaint, O.. .apt! Olrson, 

•I. .1.. iiiipiibli.slii'd (l.-itn. 

Kvi-iirfl .M:i_v .a. BMP. I’.S.E.B.M.. JP4.P, 71. 
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6 hours) paralleled that produced bj' cortical 
hormone. The percentage of circulating 
eosinophiles dropped from J4.3 to 2.4, the 
per cent of lymphoc 3 ^tes remaining unaltered. 

The absolute number of eosinophiles drop- 
ped from 2700 to 400. cell/mm®. In 2 adren- 
alectomized trichinous mice which received 
epinephrine, the total count had doubled mth- 
in 6 hours. The percentages of eosinophiles 
and the other tJTes of cells remained the same. 

Urethane in aqueous solution (1 mg or ^ 
mg per g body weight) was injected into 6 
intact trichinous mice. After 6 hours the ab- 
solute number of Ij'mphoc^^tes had dropped to 
approximately half, the eosinophiles to less 
than half the initial levels. Much greater de- 
creases were obtained in 6 mice which sur- 
vived 5 or 6 dailj’ anesthetic doses of urethane. 
The percentage of eosinophiles dropped from 
9.3 to 2.3, the absolute number from 1800 to 
100. The absolute number of Iymphoc 3 des 
dropped from 12600 to 2200. 

Urethane-induced lymphopoenia has been 
observed in adrenalectomized as well as in- 
tact rats and mice.'*’^ Urethane depressed 
the white blood cell count in mouse myeloid 
leukemia, but adrenal cortical extract was 
ineffective.® These observations indicate that 

•1 Dury, A., .and Robin, E. D., HiHtncrinotogy, 
194S, 42, 320. 

•' Lu, C. S., Thesis, TJnircisit)- of Jlinnesot.a, 
1947. 

Lu, C. -S., Kirsclibauni, A., Froc. Internni. 
Cancer Fe.i. Congress, 1947, 105. 


the effect of urethane on normal blood lympbo- 
cytes and leukemic mjTloid cells is not medi- 
ated bj' the adrenal corte.v. In the present 
e.\'periments eosinopoenia paralleled Ijmplio- 
poenia following the injection of urethane. 
Adrenalectomized tridiinous mice did not 
tolerate anesthetic doses of urethane, and 
in these experiments it could not be deter- 
mined whether depression of blood eosino- 
philes occurs as an effect of urethane in the 
absence of the adrenal corte.\-. Spink' 
demonstrated that reduction in the eosinophile 
count of trichinous guinea pigs occurred nith 
a superimposed bacterial infection. The 
eosinophile count was also suppressed in .i 
patient developing bacterial infection during 
the course of trichinosis. 

Summary. The number of circulating eosin- 
ophiles of trichinous mice was decidedly re- 
duced by the administration of cortical hor- 
mone. The same effect was induced by epi- 
nephrine in intact, but not in adrenaleclo- 
mized, trichinous mice. Sex steroids in the 
doses used did not significantl,v reduce the 
percentage of circulating eosinophiles in 4 in- 
tact and 2 adrenalectomized trichinous 
animals. Eosinopoenia was induced by 
urethane in trichinous mice. Whether or not 
urethane-induced eosinopoenia is mediated 
b\' the adrenal cortex has not been deter- 
mined. 

7 Spink, W. W., rlrcJi. Int. -VcU., 1943. .>1, 
R^^ilih-Ttril.av 3, 1949. P.s'i.RSrT 1949. 71. 


1.7143. Effect of Pteroylglutaniic Acid and Vitamin B,n on Growth of Rous 
Tumor Implants. 

J. J. Oleson and Paul A. Little. (Introduced by Guy W. Clark.) 

From the Ledcrte Lahoratorics Division, American Cganamid Compang, Fairi hirer, A. I. 


Earlier work from this laboratory^ showed 
that pteroydglutamic acid was essential for 
the grmvth of implants of Rous sarcoma in 
young chicks.! The effect of oth er dietary 

1 Little, I’. A., Siimpatti, A.. PtiRanelli, V., 
Loc-ke, e!, and .Subb.iRoiv. Y., Tr. .Y. Y. Acad. 
Sci., Series IT, 194S, 10, 91. 


factors was much less pronounced.- -A scardi 
was then made for additional dietary factors 
which might affect the growth of this .s.ar' 
coma in chicks. 

Day-old chicks in groups of JO were fed 
-'‘'"i Siibbaltoiv, Y., 

.1. hah. and Clin. Mid., IP4.S. SA. ll.'tP. 
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TABLE I. 

Ovarian ^YcigIlts in Immature Bats Injected witli Extracts of Urine from Postmenopausal 
Patients. Aliquots of Pooled Specimens IVcre Adjusted to Different Degrees of Aciditv Before 
Adsorption on Ixaolin. 

Adsorbed on' Kaolin 
at pH 

Control , : s 

Exp, Xo. Alcohol ppt, 7.0 G.O 5.5 5.6 4.5 4.0 3.5 3.0 Eluted rvitli 


1 

GO 




59 

19 


46 


47 




5S 

15 


35 

.•> 






99 

57 


17 


— 




7C 

73 


9 

3 

13G 




112 

101 


SI 


IIS 




82 

145 


107 

4 





If) 

87 

72 38 

G5 



— 



10 

62 

87 66 

71 


a 

— 

18 

IS 


32 

39 


20 


— 

15 

17 


46 

34 


IS 


Exp. 1, 2, !ind 3, urine acidified with lirdrochloric acid. 
Exp. 4 and 5, urine acidified with acetic acid. 


3X XH4OH 


2X XH4OH 


J f 


Bring the clarified supernatant to pH 5.5 
with glacial acetic acid. 

7, Add 4 volumes of 93% ethanol, slowly 
and with constant stirring to precipitate the 
hormone. Set in refrigerator until thoroughly 
chilled, centrifuge and dry the precipitate in 
a gentle stream of air. 

8. Dissolve the precipitate in a volume of 
water or phosphate buffer (pH S.O) suitable 
for assay. 

In our experience, urines from postmeno- 
pausal women or from patients with other 
In-pcrgonadotrophic conditions give suitable 
assay dose ranges in infantile female rats if 
the final extract is made up so that 1 cc is 
equivalent to one hour's output of urine. Six 
injections of 0.5 cc each make the total dose 
equal to a 3 hour urine volume. The ex- 
amples given below were made up in this way 
and show the ovarian weights at autopsy 72 
hours after the first injection. If mice are 
u-ed for assaj’ the total dose can be reduced to 
the equivalent of about one hour's urine out- 
put. .-\s.says to determine the quantiUes of 
hormone present in the urine of normal men 
or women require the use of larger quantities 
per test motLse or rat so the total dose should 
be equivalent to a 6 or 12 hour volume. 

Proof of iiictiwd. In the course of develop- 
ing and testing the above method of adsorbing 
unnaiy gonadotrophins on k.aolin. the optimal 


conditions and quantities to be used in eadi 
step were determined. Usually the jield of 
hormone was compared to that obtained from 
an aliquot precipitated with alcohol as a 
standard of reference. 

It has been customary' to use fresh urine 
specimens to avoid partial or total destruc- 
tion of the hormone through bacterial or 
chemical degradation. In three e.xperiments 
the urine was allowed to stand several days 
and become very alkaline through the break- 
down of urea to ammonia. When precipi- 
tated directly with alcohol these specimens 
yielded such highly toxic extracts that assays 
were not possible. .After acidification and ad- 
sorption or. kaolin, washing with water defi- 
nitel}' reduced the toxicity of the extracts and 
hormone was recovered. In order to learn 
whether urease would affect the yield of hor- 
mone, that enzyme was added to urine and 
allowed to react for 2 hours with formation 
of ammonia. Subsequent acidification and 
adsorption on kaolin resulted in quantitative 
recover}.- of the hormone. The alkaline change 
due to urease activity is apparently not im- 
mediately destructive of the hormone. Col- 
lection of urine under toluene tends to pre- 
son-e the natural acidity and the toluene is 
easily separated before kaolin is added. 

The optimal pH for adsorption on kaolin 
was determined in several trials in which ali- 
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1/144. Adsorption of Urinary Gonadotrophins on Kaolin. 

James T. Bradbury, EutvYK S. Brown, and ^^^ILLIS E. Brown. 

From the Vepariments of Obstetrics and Gynecology, University of Louisville, ami the Stale 


Zondek’^ described a method of obtaining 
gonadotrophic hormones from urine by pre- 
cipitation with 4 volumes of alcohol. With 
minor modifications, such as the substitution 
of acetone for alcohol, this has remained the 
basic method of preparing urinary gonado- 
trophic hormones for assay.-'^ Other pro- 
cedures have been less commonly employed. 
Katzman and Doisy® recovered the hormone 
from urine by precipitation with acetone sat- 
urated with benzoic acid. Since the hormone 
is a protein, precipitating agents such as 
tannic acid" and ammonium sulphate® have 
been used, and ultrafiltration®-’® has also 
proved successful. Katzman, ct demon- 
strated that chorionic hormone could be ad- 
sorbed from urine by passing it through a 
column of permutit. Scott^- and later Land- 
grebe and Samson^® used kaolin as tlie adsorb- 
ing agent for chorionic hormone. 

Since chorionic hormone could be adsorbed 
on permutit or kaolin it seemed probable that 
the pituitar)' gonadotrophin could also be 

1 Zondek, B., Zentralbl. f. Gynal;., 1929, o3, 834. 

2 Bellei'ljy, C. W., Nature, London, 1934, 133, 
494. 

3 Creiv, F. A. E., Brit. Med. J., 1939, 7CG. 

■i JleCuIlagli, D. R., ;ind Bownuin, W. E., Fndoc- 
rinology, 1940, 27, 525. 

Heller, C. G., and Chandler, R. E., J. Clin, 
Fndocrinol.. 1942, 2, 252. 

<> Katzman, P. A., and Doisv, E. A., J. Biol. 
Chem.. 1932, 08, 745. 

7 Levin, L., iind Tyndalc, H. II., Proc. Soc. E.vp. 
Biol, and Med., 1930, 34, 510. 

•S Jones. G. E. .S., and Bucher, N. L. R., Endoc- 
rinology, 1943, 32, 40. 

!> Gorhman, A., Endocrinology, 1945, 37, 177. 

to Jungek, E. C., JLiddock, W. O., and Heller, 

C. G., J. Clin. Endocrinol., 1947, 7. 1. 

ti Katzman. P. A., Godfrid, M., Cain. C. K., 
and Doisy, E. A., .1. JHol. Chem.. 1943, 148, 501. 

li'Seott, L. V.. Brit. .7. Exy. Path., 1940, 21, 
320. 

la Lnndgrehe, E. M'., and Samson, L., J. Ohst. 
and Gyn. Brit. F.my.. 1944, 51, 133. 


f of Iowa. 

■ recovered from urine by an adsorption tech- 
nic. This report describes a procedure by 
which either chorionic or pituitary gonado- 
trophins can be recovered from urine. The 
main advantages are, one, a great saving in 
alcohol over that which has been used pre- 
viously and, two, a shorter time for prepara- 
tion since dialysis is not necessary. 

Materials and method. Kaolin (N.F. pow- 
der), that has been wmshed with normal hy- 
drochloric acid and then with water until 
neutral, is made up as a 20% suspension in 
water. This is a stable stock preparation 
that should be shaken thoroughly before us- 
ing. 

1. Use a fresh 12 or 24 hour specimen of 
urine. .Acidify to pH 4.5 with acetic (or hydro- 
chloric) acid and then run through a coarse 
filter to remove mucus or particulate matter. 

2. .Add 5 volumes percent of the kaolin sus- 
pension to the acidified urine and stir thor- 
oughly'. Allow the kaolin to settle out. (One 
hour is usually sufficient but the mixture may 
be set in the refrigerator overnight). 

3. Decant the supernatant and collect the 
sediment in a large centrifuge flask. Centri- 
fuge, and discard the supernatant. 

4. .Add water and resuspend the kaolin by 
vigorous stirring or shaking. Centrifuge or 
allow to settle, decant and wash again with 
water until the kaolin is free of urine. This 
washing replaces the dialysis of the alcohol 
method. 

5. Elute the hormone from kaolin b.v adding 
a volume of normal ammonium hydroxide 
equal to that of the kaolin suspension origin- 
ally added to the urine. Stir thoroughly and 
allow to stand 20 to 30 minutes. Centrifuge 
and save the supernatant. The kaolin may 
be washed again, the second ammonia eluate 
added to the first and the kaolin di.scarderl. 

6. -Add glacial acetic acid to the combined 
eluates until pH S.5 is reached. If a floccii- 
lent precipitate forms, centrifuge and di.scard. 



Kaolin Adsorption of Gonadotrophins 


231 


TABLE III. 

Ovarian Weights of Iniinatiirc Bats Injected with Extracts of Erine from Postmenopausal 
Patients. The amount of kaolin added to the urine was varied as indicated to determine the 
minimal amount of kaolin that would adsorb the hormone. 


E.xp. No. 

Control 
.•Mcolio] pjit. 

Qiiantitr of kaolin susponsioii 

Volumes 

10 

3 

1 ' 

n 

— 

130 

107 

140 



112 

fiS 

1.73 

10 

Ot") 

91 

33 

IS 


trt 

(>3 

49 

IS 


the basis of these observations it seems that 
5 to 10 volumes percent of kaolin suspension 
is best for routine use. 

This method has been found equallj’ appli- 
cable to recovery of chorionic hormone or of 
the pituitary hormone from the urine of post- 
menopausal women. In 2 e.xperiments, these 
hormones were adsorbed simultaneously and 
the e.vpected augmentation was demonstrated 
by assay of the final e.xtract. One-half of a 
postmenopausal urine specimen was adsorbed 
on kaolin (a), while 100 cc of pregnancj’’ 
urine was added to the other half before ad- 
dition of the kaolin (a plus b). .A second 100 
cc portion of the pregnancy urine was also 
treated with kaolin (b). In the subsequent 
assays, the pituitaiy gonadotrophin (a) in- 
duced rat orarian weights of 52 and 58 mg, 
whereas, those for the pregnancy urine e.x- 
iract (b) were 34 and 36 mg (with corpora 
lutca). and those of the combined urine eluate 
(a plus b) were ISO and 176 mg. This rep- 
resented a definite augmentation reaction re- 
sulting from the simultaneous adsorption of 
the pituitary and chorionic gonadotrophins. 
.■\nother e.xample may be cited: a 19-year- 
okl boy with infantilism associated with testic- 
ular agenesis had high urinary levels of pitui- 
tary gonadotrophins (kaolin e.xtract of 6 hour 
urine volume induced ovarian weights of 52 
and 58 mg). He was given chorionic .gona- 
dotrophin. and on the third day of treatment, 
o.vcrction of the administered hormone to- 
gether with the pituitaiy gonadotrophin was 
determined by a.ssay. The same urinarv 
equivalent of kaolin extract (6 hours output 
per test rat) prcxluced ovarian weights of 257 
anil 260 mg. 

This study was primarilj- a series of spot 


checks to determine the limits within which 
a routine procedure could be developed. 
Small numbers of rats were used in each test 
since quantitative precision was not attempted. 
In 12 tests the e.xtracLs of alcohol precipi- 
tates xvere compared with those of kaolin ad- 
sorbates. In 3 instances material obtained bj' 
the alcohol method produced significantly 
greater increases in ovarian weights, in 6 trials 
the kaolin method seemed superior, and there 
was no significant difference in the other three. 
The sum of the ovarian weights for the 26 
rats receiving e.xtracts of alcohol precipitate 
was 2081 mg, as compared to 2073 mg for 
the 26 rats receiving kaolin e.xtracts. Thus, 
tliere is no significant difterence in the re- 
covery of hormone b\' the two methods. 

The main advantage of the kaolin method 
is the marked saving of ethanol. For e.x- 
ample, the hormone from 1000 cc of urine can 
be adsorbed upon 50 cc of kaolin suspension, 
then eluted in two 50 cc portions of N ammon- 
ium hydro.xide, which on subsequent acidifi- 
cation will not exceed 120 cc in volume and 
from which the hormone can be precipitated 
with 500 cc of alcohol. The original urine 
specimen xvould have required 4000 to 5000 
cc of alcohol plus an additional quantitj- used 
in the second precipitation (after dialysis). 
.•\ second advantage is that washing the kaolin 
with water accomplishes the same detoxifica- 
tion as dialysis but much more rapidly and 
avoids the transfer of solution to, and from, 
the dialysing bag. 

.Another advantage is that the same urine 
specimen can be used for both gonadotrophic 
and steroid determinations if the supernatant 
urine and the water washings from the kaolin 
are saved. A series of tests has shown that 1 7 
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TABLE II. 

Ovarian Weights in Immature Bats Injected with E.vtracts of Urine from J’ostiiienopau.snl 
Women. , The hormone was adsorbed on haolin and then the aliquots of tlie haoliii were elutcii 
^ith different concentrations of ammonium liydroxide as noted. 


Eluted from kaolin with NH 4 OH Normality 
Control V 


Exp. No. 

Alcohol ppt. 

3.0 

2.5 

.2.0 

1.5 

1.0 

No. of olution.s 

C 

139 

es 


117 


45 

1 


128 

41 


113 


15 



148 

106 


92 


16 


7 

47 

06 


101 

83 

24 

0 


43 

82 . 


71 

90 

19 


8 


147 

169 

145 

‘177 

139 

f> 



151 

183 

146 

140 

105 

(After water wash) 



121 

151 

119 

128 

115 


quots of urine were adjusted to different de- 
grees of acidity. In 3 experiments the pH 
was adjusted with hydrochloric acid (Table I) 
and recovery of the hormone was uniformly 
good at pH 5, but was poor in one instance 
at pH 4 and once at pH 3. In 2 other ex- 
periments using acetic acid the results were 
satisfactory from pH 3.5 to 5 but since the 
hormone was not adsorbed above or below 
this range, pH 4.5 has been selected as an 
optimal acidity for adsorption. Sulfuric acid 
was used in 2 experiments without success. 

Having adsorbed the hormone onto kaolin, 
the next problem was to determine the optimal 
conditions for elution and recovery. Ammo- 
nium hydroxide was used in the elution process 
in concentrations up to 3 N without apprecia- 
ble destruction or loss of hormone, (Table II). 
In Experiments 6 and 7 the recovery with 1 
N NH4OH was incomplete as compared to 
higher concentrations of ammonia but in Ex- 
periment 8 it was satisfactory. E.vperiments 
6 and 7 were done before it was found that the 
kaolin can be washed with water and that 
the residual acid in the kaolin probably par- 
tially neutralizes the ammonia and reduces its 
efficiency. We have failed repeatedly to re- 
cover the hormone from kaolin noth NaOH 
in concentrations from 0.1 N up to 3 N. 
Since elution with ammonia after using NaOH 
has also failed to recover the hormone, it ap- 
pears that the pituitary gonadotrophin is 
easily and rapidly destroyed by sodium hy- 
droxide By contrast, chorionic gonadotro- 
phin is apparently eluted quantitatively from 
kaolin by either 0.1 N IXaOH or N NH40H. 


Katzman, ct ah, used 10% animonium 
acetate in 40% ethanol to elute the chorionic 
hormone from permutit. This mixture is also 
satisfactory for eluting gonadotrophin from 
kaolin and is superior to ammonium hydrox- 
ide in alcohol, but,, in our e.xperience is not 
superior to aqueous ammonia. There are no 
e.xperiments in which the dry weights of the 
final precipitate can be compared to give an 
indication of which eluting mixture may give 
the higher potency per mg of precipitate. The 
relative effectiveness of ammonium hydroxide 
in water and ammonium acetate in alcohol 
suggested that ethanolamine might be an ef- 
fective elutant; this was proved in two e.x- 
periments but seemed to offer no advantage 
ox'er either of the others. 

Other adsorbents were tried only casually. 
In three e.xperiments the hormone was ad- 
sorbed on Filtercel and then recovered with 
ammonia. The coarser particles of permutit 
adsorbed the hormone more effectively when 
packed in a column and the urine allowed to 
percolate rather slowly. Charcoal (Noril) 
adsorbed the hormone but no eluting agent 
xvas found. 

The quantity of kaolin necessary to pro- 
vide a surface area adequate for complete ad- 
sorption and still have a minimal volume for 
elution procedures was determined in several 
experiments (Table HI). In ex-pcriment 9 
1 volume percent (15 cc in 1500 cc of 
urine) of kaolin suspension gave as com- 
plete recovery of hormone as 10 x-olunies per- 
cent However, in experiment 10. the smaller 
quantities of kaolin were le.^s effective. On 
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agent, which was different, however, from 
streptomycin.'' This difference may have been 
doe to the fact that in the New Jersey collec- 
tion the culture was kept on stmthetic media 
and in the Baarn collection organic media are 
used. The difference pointed definitely to 
changes in the antibiotic-producing capacity 
during the 30-year period that the culture has 
been kept in the two collections. 

Recently, Kelner" also e.vamined the origin- 
al S. grisciis culture No. 3326. He confirmed 
the obser\'ation that the New Jersey strain is 
largely inactive antibiotically. When x-rayed 
conidia of this organism were plated out on 
various media and tested against bacteria, 
however, several active mutants were ob- 
tained, one of which apparently produced 
streptomycin. Comparison of the antibiotic 
spectrum of this mutant with that of known 
streptomycin-producing strains of S. grisciis 
showed these spectra to be identical. 

These obser\’ations appeared to be so im- 
portant that an effort was made to confirm 
them and to demonstrate definitely that the 
antibiotic produced by Kelner's mutant No. 1 
was actually streptomycin. This mutant, 
designated as 3326b, was streaked out on 
plates containing suitable agar media and, 
after 24- and 48-hour incubation periods, 
various test bacteria were cross-streaked to- 
ward it. An antibiotic spectrum character- 
istic of streptomycin-producing strains of 5. 
grisciis was obtained, as shown in Table I. 
There was only limited growth of the strepto- 

TARLK I. 

AiitUtiotii* S]>octrum of Mutant 1 of llUri S, prisctts 
(.’ulturo as Pcterinincd by Apar Cros?- 

strcak Method. 

Zone of inliibilion in iniUimetfrs. 


To?t orpnni'sm 

Nutrient 

apnr 

Nutrient 
Rlucose npar 

r.,^c)frnrhi<i roU 

24 

lit 

” ^ * sr* 

3 

7 

” 5(r 

0-2.-. t 

7-22t 

lUu'illus vi\{co\(lrs 

24 

21 

i/fororrw.'? nurf un 

22 

1.'. 

/•’(Jrjf/ri.* sulitiUs 

2S 

23 

_ 


— 


— ‘'trr]>timiyrjj}.rf'«i‘Jtaiit ; .*•() — sf reptomyrin- 

depemlent. 


figure — inhibition 7ono; second fipnro — 
pr(»\vtli 7one. 


**-Kolm r, A.. , 1 , r , nct ., PMO, r>7. 7r.. 


mycin-resistant strains of E. coli, and there 
■was good growth of streptomj'cin-dependent 
strains. This full}' confirmed the streptomy- 
cin-producing capacity of Kelner's mutant. 
The presence of a narrow zone of inhibition of 
the streptomycin-dependent culture points to 
the formation of another antibiotic other than 
streptomycin, a fact well established for the 
various streptomycin-producing cultures. 

To confirm definitely the fact that the 
antibiotic produced by the mutant of the 
1915 culture was streptomycin, it was 
necessary to produce this antibiotic in suita- 
ble culture media, isolate it, concentrate it 
and test it. This was carried out by the 
usual procedures developed for streptomycin.^ 
The results presented in Table II prove 
definitely that the antibiotic produced bi' the 
mutant of the 1915 culture (3326b) is identi- 
cal with that of the 1943 isolate of the strep- 
tomycin-producing culture (3463). When 
vaiying amounts of the metabolite solutions of 
the two cultures were added to agar media 
and the latter streaked with various test 
bacteria, similar results were obtained, e.xcept 
for some minor quantitative differences. After 
5 days' incubation a cup assay of 111 fig 
of streptomycin for the 3326b culture gave 
150 £. coU dilution units, 250 B. mycoidcs 
units, 150 5. aureus units and 1,500 B. sub- 
lilis units; the corresponding results for 110 
cup assay units for 3463 were 150. 500, 250 
and 1,000, which were verj- close to the fore- 
going if one recognizes the limitations of this 
method of testing. The isolated and concen- 
trated streptomycin preparations obtainedi 
from the two cultures also gave nearly identi- 
cal results. 

When streptomycin-dependent strains of E. 
coli were streaked on media containing the 
two preparations, comparable growth was ob- 
tained from both preparations and was verj' 
similar to growth with similar amounts 
of pure streptomycin added to other plates. 
This was true of both the culture filtrates and 
the concentrates obtained from them. The 
dependent strains of E. coli were affected alike 
by both preparations, whereas the resistant 
strains were not affected at all by either. 

Other supporting evidence bearing upon the 
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ketosteroid estimations, after the use of kaoliii 
are the same as those obtained from untreated 
aliquots of urine. 

Summary. A method is described for the 
adsorption of gonadotrophic' hormones from 
urine onto kaolin and their subsequent elution 
with ammonium hydroxide. The relatively 
small volume of the eluate reduces the amount 


of alcohol needed to precipitate the hormone 
from soIutioBj the final extracts are less to.vic 
and can be prepared in a shorter time. The 
hormone assays are comparable to those ob- 
tained with tlie usual alcohol precipitation 
method. 

Hceeiroil Mny 4, 1949. P.S.RB.xTlpJ^rT. 


17145. Streptomycin-Producing Capacity of Different Strains of Streplo- 
myces grisetis.‘^'X 

Selman a. Waksman and Dale A. Harris. 

From the Neiu Jersey Agricultural Experiment Station, Few Brunsicicl, .V. J. 


Since the first announcement^ that certain 
strains of Strcptomyccs grlsciis produce the 
antibiotic streptomycin, pertinent questions 
have been raised in regard to the ability of 
this organism to produce the particular anti- 
biotic: 1. Is this a characteristic property of 
.all strains of the species 5. griseus? 2. How 
widely distributed is the capacity for pro- 
duction of streptomycin among actinomy- 
cetes? 3. Did the original strain of 5. griseus, 
first isolated in this country in 1915 by Waks- 
man and Curtis,- also possess the capacity for 
producing streptomycin? (The last question is 
of considerable theoretical and historical in- 
terest, since it has a bearing upon the identity 
of tlie streptomycin-producing strains isolated 
in 1943 with the original 1915 isolate, as well 
as upon the fact that had the subject of anti- 
biotics been recognized at that time, it would 
not have taken that long to recognize the 
actinomycetes as highly important producers 
of antimicrobial agents.) 

The first two questions were soon answered. 

* Journal Series Paper, New jenser Agricultural 
E.xperiment Station, Kutgers University. Tlie 
State University of New Jersey, Department of 
Microbiology. 

f Partly supported by a grant made by the 
Kutgers Research and Endonment Foundation. 

iScbatz, A., Bugie, E., and Waksman, S. A., 
Proc. Soc. E.xt. Bjol. axd Med., 1944, o.T, 66. 

2 W.aksman, S. A., and Curtis, R. E., Soil Sci., 
3916, 1, 99. 


It was established’’* that only certain few 
strains of 5. griseus are capable of producing 
streptomycin, whereas most of the other 
strains that can easily be isolated from natural 
substrates are either unable to produce any 
antibiotics at all or may give rise to anti- 
biotics oth'er than streptomycin, such as 
grisein,’* and that certain actinomycetes, other 
than 5. griseus, also possess the capacity of 
forming streptomycin.*" 

In an attempt to answer tlie third ques- 
tion, the original 1915 culture, which has 
been kept alive by frequent transfers since 
its isolation in the collection of the New 
Jersey" laboratories under the ATCC number 
3326, was tested for its antibiotic-producing 
capacity. The same culture was deposited in 
1920 in the Baarn collection in Holland; it 
recently" ■rvas obtained from that collection 
and given the number 3326a. Repeated tests 
for their antibiotic-producing capacity re- 
vealed the fact that the culture kept in New 
Jersey" was totally" unable to produce either 
streptomycin or any" other antibiotic sub- 
stance, whereas the corresponding Baarn cul- 
ture was capable of forming an antibiotic 

^Carvafal, F., Myeoiogia, 194G, tifi, 596; ‘W-nk*-- 
man S. A., Reilly, IE C., .and .Tolmstonc, D-, 
j'lSaet: 1940, -IS. 999. 

4 Waksman, S. A., Rcill.v, IE C,, and lE-irris, 
D. A., J. Fact., 194S. r>0, 259. 

sjobnstonc, D. IE, and Waksman, S. A., J. 
Fact., 104S, .-r,, 917. 



Tetraethylammoxiusi on Adrenal Medulla 


235 


TABLE III. 


EfTcct of Actinophapo of Strcptomvcin-producing S. grisciis on Various Strains of Tliis Organism. 


Culture 

No. 

Nature of strain 

Spot test* 

Nutrient 

agar 

for phage 

Dextrose- 

asparagine 

agar 

Submerged growth eifectf 
Bhage per ml X lOt, after 
days of incubation 



0 3 

5 7 

332(5 

X. ,1. culture of 191.5 Isolate 

— 

— 

6 3 

4 4 

3320.1 

HolLmd culture of 191.5 isolate 





G <0.4 

<0.04 0.004 

332(51) 

Kelner’s mutant of 1915 isolate 

“f 

+ 

G 100 

105 ISG 

34(53 

Streptomycin-producinpf soil 
culture of 1943 

"f* 


0 30 

31 119 

3404 

Streptomycin-producing chicken 
throat culture of 1943 isolate 

-r 

4" 

G 210 

320 570 

3404a 

Spore isolate of last 

-U 

4“ 

0 34 

2G0 204 

347S 

Grisein-producing culture 

— 

— 

fi 2 

2 3 

34S1 

More recent independent isolate 
of a streptomycin-producing 
culture 

-f- 

-i- 

r. 257 

420 400 

34S2 

Xon-streptomycin-producing 

culture 



G 0.2 

0.01 0.03 


• Pluige placed on 24-linur vegetative slrc-aks growing on nutrient and dextrose-asparagine agars, in- 
cubated an additional 24 lioiirs, and examined for lysis. 

t Phage added to fresldy inoculated flasks of m*dium, grown under submerged conditions. 


the culture upon artificial media for more 
than 30 years. When irradiated, this culture 
jielded a mutant that was as potent a pro- 
ducer of streptomycin as the streptomycin- 
yielding strains of S. grhciis isolated in 1943. 

This assumption was fully confirmed by the 
characteristic antibiotic spectrum oi the two 
cultures, their behavior to streptomycin-de- 
pendent and streptomycin-resistant mutants 
of E. coli and other bacteria, and sensitivity 
of the two cultures to the same actinophage. 

These results further point to the accuracj' 
of the identification of the streptomj'cin-pro- 


ducing cultures of S. grisciis with that of the 
original 1915 isolate, based on literature de- 
scription alone, in spite of the fact that the 
Ixpe culture available in two collections 
showed distinct changes from the original 
description. 

The fluthor.s wish to o.\pre.«s their sincere .tppre- 
ciatioii to Dr. A. Keliicr of Cold Spring Harbor 
for pl.acing the mutant of S. grixeus at tlieir dis- 
posal, and to Mr. W. Iverson of this laboratory for 
assisting with some of the tests. 

Keccived .Afay 3, 1949, P.S.E.B.M., 1949, 71. 


171-16. Effect of Tetraethylammonium Bromide on Adrenal Medulla. 
James L. Morrison <\no C. H. Farrar. (Introduced by A. P. Richardson.) 

From tfie Drpnr/mcnt of Pharmacology, School of Medicine, Emory Vniicrsity, Ga. 


.•\cheson and Moe' have shown that tetra- 
ethylammonium ion will block autonomic 
ganglia. Since the adrenal medulla is general- 
ly accepted as ganglionic in nature, the trans- 
mi.ssion of impulses across the ganglion and 
.'Subsequent release of epinephrine should be 
liItKked by the injection of tetraethylammon- 

t .\chpson. G. H,, and Moe. G. K., .1. Pham, ami 
F.jp. Thcray.. 194i',. sT, 229. 


ium bromide. Some evidence for this has 
been shown by the action of tetraelhylammon- 
ium on morphine h\-perglycemia in dogs.- 
which closely resembles the effect on such 
hj-perglycemia produced by surgical removal 
of the adrenal medulla." In both cases mor- 

- Morrison, .T, L., Pror., 3P47, (J, ^50. 

•a Bodo, K. C.. Co Tui, F. AV., ami’ Ben.-igli.a, 
.\. E., J. Pharm. nnd f.'xp. Thrrnp., Ipai, 01, 4S. 
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TABLE II. 

Identity of Antibiotic Produced bj' Culture 3326b witli That of Streptomycin Produced bv 
Known Streptomyein-produeing Culture 3463. 


Incubation, 

days 

streptomycin, 

Mg/mi' 


Dilution units per ml 


'e. con 

E. mycoides 

S. aureus 

2?. suWlis 


Culture filtrate of 1915 mutant (3320b) 


3 

59 

75 

150 

75 

500 

4 

108 

100 

250 

250 

7o0 

5 

111 

150 

250 

150 

1,500 


Crude isolated prep.ir.ation of 3326b 



867** 

1,500 

3,000 

1,500 

>10,000 


Culture filtrate of streptoniycin-producing culture (3463) 


3 

41 

30 

100 

75 

300 

4 

64 

75 

150 

75 

7 5U 

0 

110 

150 

500 

250 

1,000 



Crude isolated preparation of 3463 



770* 

1,000 

3,000 

500 

10,000 


Culture filtrate adsorbed on Korite, dried, eluted with acid alcohol, treated with ether, to 
yield aqueous concentrate. 


problem under consideration may be reported 
here. It had been suggested previously’’ that 
the sensitivity of . streptomycin-producing 
strains of S. griseus to a specific actinophage 
could be used for establishing the capacity of 
such strains to form streptomycin. The 
original 1915 culture of 5. griseus (3326) was 
not sensitive to this particular phage; this 
was taken to indicate that there was a definite 
correlation between phage sensitivity of S. 
griseus strains and ability to form strepto- 
mycin, a fact confirmed by a lack of sensitivi- 
ty to phage by other, freshly isolated, non- 
streptomycin-producing strains of 5. griseus. 
■V\then Kelner’s mutant was tested for sensitivi- 
ty to this phage, it was found to be highly 
sensitive. This is illustrated in Table III. 
The streptomycin-producing, including the 
two original isolates (3463, 3464), a spore 
isolate of one of these (3464a) , and a freshly 
isolated culture (3481), were all phage-sensi- 
tive as measured by the rate of cell multipli- 
cation. Both forms of the original 1915 
isolate (3326, 3326a), a grisein-producing 
strain of S. griseus (3478), and another non- 
streptomycin-producing culture (3482) were 
all insensitive to this phage, as shown by lack 
of multiplication or by actual adsorption by 
the mycelium of the organism. On the o^er 
hand, the Kelner mutan t of the 1915 isolate 

p. A., PRoe. Soc. ESC. Biol. .\kii Med.. 194,, 00, 
617. 


(3326b) was phage-sensitive. 

The identical behav'ior of the mutant of the 
1915 culture with that of the streptomycin- 
producing strains of 5. griseus is thus estab- 
lished unequivocally. Other evidence of simi- 
lar cultural characteristics, sporulation, and 
biochemical properties further confirmed lb® 
identity of the two cultures. 

■ These results thus suggest the probability 
that the 1915 isolate of S. griseus (3326) pos- 
sessed originally die capacity of producing 
streptomycin, and that this capacity was lost 
during the more than 30 years that tliis cul- 
ture was kept in the culture collection, grow- 
ing on artificial, mostly synthetic, media. 1 he 
ability of streptomycin-producing S. griseus 
cultures to mutate readily, even under ordin- 
ary conditions of culture, has been well es- 
tablished.® .'^t least two mutants are now 
recognized, one of which does not sporulate 
and does not produce streptomycin, and one 
of which produces a red vegetative mycelium 
and forms an antibiotic substance distinct in 
nature from streptomycin.'* 

Summary. Evidence is presented that the 
original culture of 5. griseus which was iso- 
lated from different soils, in I9IS-I916, in the 
laboratories of the New Jersey .•\gncuUural 
Experiment Station must have possessed the 
capacity for producing streptomycin. This 
capacity was lost upo n continuous growth of 

Acad. Sri., 194.5, «1, 129. 
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mum effects of tetraethylammonium indicated 
that tetraethylammonium had no demonstra- 
ble effect on the action of epinephrine at the 
effector cells of the nictitating membrane. > 

Results. Tracings illustrating a t%-pical ex- 
periment in Fig. 1 show that tetraethylam- 
monium compound blocks the release of epi- 
nephrine from the adrenal medulla. 

In all of the 6 cats used in this study the 
nictitating membrane was stimulated to con- 
tract as a result of electrical stimulation of 
the splanchnic ner\-e. Repetition of stimuli at 
intervals over a period of 30 minutes to one 
hour produced similar contractions. Retrac- 
tion usually persisted for several minutes. 
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After administration of tetraethylammonium 
bromide, stimulation of the splanchnic ner\’e 
was not followed by retraction of the mem- 
brane. Injection <?f 3 mg /kg abolished retrac- 
tion in most of:- the animals but 10 mg/kg 
abolished it in all animals. Howefer, intra- 
venous injection of .001 mg/kg of epinephrine 
hydrochloride at the peak of the t’etraethr’l- 
ammonium effect produced marked retraction 
of the nictitating membrane. 

Summary. 1. Tetraethylammonium bromide 
blocks the release of epinephrine from the 
adrenal medulla. 

Recfivpd IRiy .S, 1049. P.S.E.B.M., 1949, 71. 


17147. Tumorous Growths in the Pituitary' and Trachea Following Radio- 
toxic Dosages of 

.•Aubrey Gorbman. (Introduced by E. D. Goldsmith.) 

From the Deportment of Zoolop;/, Sornard College, Cohimhio Viiivcriiiti/, Xcw Yorl: Citp. 


The poivsible occurrence of thyroidal tumors 
after partial beta-ray destruction of the thy- 
roid gland has prompted the investigation of 
long-term effects of high dosages of I’"^. No 
th\Toidal growths have been observed in our 
experiments ndth mice, but tumors of the 
trachea and hjpophysis have been found. 
This report deals with the incidence of such 
tumors and provides a description of the 
growths as well as the conditions under which 
the\' are obtained. detailed characteriza- 
tion of the cx'tological properties of the h\po- 
physeal tumors is being prepared separately. 

Methods and materials. Most of the work 
included in this report was done with adult 
mice of the C:.t^ strain. Smaller numbers of 
the A.* V and CF\Vt strains also were em- 

" Th:< «tU(5j‘ ii.-is Iit’en 5ii5ipnr{".vl in j>:ir£ I)y the 
N.ntinnnl Oinoir Iiiciitute. I". .“S. Pnljlie He.3l;h 
Pon'ico, anil in part tlirongli contract tvith the 
Atomic Energy tt'mmi?«;.in ami Otlice of Xaral 
Ri'ce.arcti. 

f I.ri^Mlintt -toet: of strain* oricinaily oh- 

t:iini-.l friim coinny of 1^ c. Strong. Yale I'nivcr- 
jiity, 

; Pun-h.ai-iJ from Carwortli Farms, New Citr. 
N. Y. 


ployed. Although more than 500 animals 
have been utilized in different phases of this 
study, the present report concerns 15S mice 
observed for a period of time sufficient to show 
the metaplasiic and atxpical growth changes, 
as well as 34 untreated control mice. Purina 
Laboratory Chow and water comprised the 
exclusive ad libitum diet of the mice, and they 
were kept at controlled temperature (72° r; 
2'F), humidity 65fc (=5fc). and illumina- 
tion (12 hours per day). 

Radioactive iodine was given subcutaneous- 
ly as Nal without carrier, in neutral aqueous 
solution in dosages of 10, 50. SO. 100. 160. 
200. 300. 400. 500 and 1000 microcuries.§ 
At least 10 animals were included in each 
dosage group for the Q.r and CF\V strains, 
and in most cases, especially with the lOO, 
200 and 300 microcurie dosages, there were 
40 or more animals. 

Calibration and measurement of the dosages 
was done with a Geiger counter and standards 

5 lOi'i uc in n'lrm.-!) .-.ilultc pmiiucc-i nlm.r,,*. nnt- 

plct"’. nt.'il 29.1 c.imp!.-:'-. thyroidal 'i'-;ruc*.ic.n.T 

1 Gorlimuj. A.. pRO-7. .S-oo. Esp. Biou Xts 
1947. ««J. 212. 
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Tetraethylammonium on Adrenal HIedulla 



Fig. 1. 

Cnt C. Effect of sfinmlation of splanchnic nerve on retraction of nicfitatiii{; membrane. 
(1) Initial stinnilatioii in anestliotizcrl eat, (2) Thirty minutes after first stimulation. (3) 
Ten minutes after tetraetliylammonium bromide 10 nig/kg LJf. (4) Thirty minutes after iii- 
.iection of tetraethylammonium bromide. (5) Effect of epinephrine hydrochloride I.V, 4,''i 
minutes after tetraethvlammonium bromide. (C) Seventy-five minutes .after I.^^. injection of 
tetrnefliylamnionium bromide. 


phine hypergij-cemia is abolished or greatly 
diminished. A more direct method of de- 
termining blockade of the adrenal medulla is 
desirable than shown by blood sugar levels. 
Sensitivity oil the denen^ated nictitating mem- 
branes of cats to circulating epinephrine offers 
a convenient biological test of such a block- 
ade.'* 

Method. In a series of 6 cats the superior 
cervical ganglion on the left side was removed. 
During a recovery period of 4 daj’s the nicti- 
tating membrane becomes sensitized to circu- 
lating or injected epinephrine. The cats were 
anesthetized and the following preparations 
made. Through an incision in the body w-all, 
shielded' electrodes were placed over the 
splanchnic nen'e just before it enters the 
adrenal gland in order to provide for stimula- 
tion. The eyelids -u'ere retracted after cutting 
the lateral canthus and the nictitating mem- 
brane was connected to an isotonic lever mag- 

“lEoscnWuclb. A., aufl Oumoii. W. B.. Am. J. 
Phusiot., 00, 3.08. 


nifying its movement several times and re- 
cording them on a revolving smoked drum. 
Splanchnic nen'es rvere stimulated using a 
Bird Stimulator before and after intramuscu- 
lar injection of a 20% solution of tetraethjd- 
ammonium bromide. In all cases after full 
effect of the telraethyJammonium bromide had 
been shown, epinephrine was injected in order 
to demonstrate the action of epinephrine on 
the nictitating membranes. Either dial solu- 
tion* or pentobarbital sodium was used as the 
anesthetic. We could find no appreciable dif- 
ference in the response of the animals to these 
barbiturates. Doses of tetraethylammonium 
bromide ranged from 3 mg /kg up to 10 mg/kg. 
Ma.\'imum action was obtained in 10 to IS 
minutes and lasted for about an hour after 
which time it began to wear off. Intravenous 
injections of varj'ing amounts of epinephrine 
hx'drochloride at any time during the m.a.vi- 

*I)iat fnrnislivit tlironpli vourtvsv of 

Dr. Fredvrifk F. y<mkman. C'ibn Bliarmaceiitica! 
Products, Tiic. 
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was 34.7 mg. The data indicate a tendencj' 
for larger tumors of earlier occurrence after 
the largest (300+ /xc) dose. The 3 largest 
tumors weighed 242, 204 and 210 mg, and 
followed 325 and 200 and 100 fic dosages, re- 
spectively. Excluding 5 extremely large glands 
of over 150 mg, the average weights of pitui- 
taries 250 days or more following injection, 
were 27.5 mg for the 100-160 /ic dosage group, 
39.7 mg for the 220-225 /ic group, and 87.3 
mg for the 300+ nc group. 

The glands weighing more than 20 mg 
characteristically showed hemorrhagic areas, 
particularly on the dorsal side near the in- 
fundibular stalk. Gross examination of serial 
sections of the tumors proved that they are 
limited to the anterior lobe. 

Pituitaries weighing more than 30 mg fre- 
quently produced blindness and motor dis- 
turbances in the mice. Such glands lost the 
smooth outlines of smaller tumors and fre- 
quently were lobed. In most instances a hol- 
low was formed on the ventral side of the 
brain by displacement of its parts. The larger 
tumors, by pressure against the brain, actually 
caused various degrees of separation of the 
parietal and occipital bones. The resulting 
distortion in the shape of the head made it 
possible to identify, from external examina- 
tion. those animals with tumorous pituitaries. 
.\11 of the hypophyseal tumors appeared to 
exert their influence upon neighboring tissue 
by pressure alone. In no instance was there 
cridence of erosion or invasion of brain or 
bone or other tissue by groiring hj'pophyseal 
masses. 

Trachea. In contrast with most other tis- 
sues. the tracheal epithelium appeared e.x- 
ircmely sensitive to the accumulated radiant 
energy in the th\Toid gland, and cellular re- 
sponses were visible as early <as one day fol- 
lowing I'"' injection. Early responses were 
all of the degenerative t\pe, and their degree 
and rate of development varied with the size 
of the dose. 

Pycnosis of nuclei, loss of cilia, and finally 
death and desquamation of the cells was the 
u.sual order of changes observed after dosages 
of SO /ic or more. Even with the lowest ef- 
fective dose such changes were comoleted 


within a week, and regeneration begun at that 
interval. The 80 fic dose produced minimal 
lesions; the 1000 /nc dose produced within 48 
hours complete desquamation of that tracheal 
epithelium closest to the thyroid. In cases 
of large scale loss of the tracheal epithelium 
accumulations of macrophages appeared with- 
in several dat's and were seen to contain cellu- 
lar debris. After the 80-160 /ic doses, trach- 
eal epithelial regeneration was, as a rule, of 
the normal type and occurred from the normal 
epithelium surrounding the lesions. After 
doses of more than 200 /xc tracheal regenera- 
tion was, as a rule, with a metaplastic epi- 
thelium of variable form and only rarely en- 
tirely normal. Sometimes it consisted of cu- 
boidal ciliated or unciliated cells. Most often, 
especially with the higher doses, it was simple 
or stratified squamous in type. Some of the 
stratified squamous tracheal epithelia in CFIV 
mice were extremely active mitotically. 

Changes in the fibrous tunica propria and 
in the tracheal cartilages also occurred, but 
only with doses in excess of 300 ;xc. Tempor- 
ary loss of basophilia in the cartilage often 
was obseiA'ed soon after injection, and death 
of many chondrocx’tes was usual. Such 
changes often were followed by a hyaline 
thickening of the perichondrium which in 
some instances became as thick as the entire 
cartilage and in some instances strongly re- 
sembled bone. Thickening of the fibrous 
tracheal tunica propria was usual after the 
higher doses in animals sacrificed about six to 
ten months after injection. In 5 extreme 
cases the fibrous thickenings projected into 
the tracheal lumen as small tumors almost 
completely obstructing it. Such animals be- 
fore autopsy had a labored wheezing tN^pe of 
breathing. 

Discussion. The mechanism by which 
tumorous growth in pituitaries was elicited in 
our e.xperiments does not seem to be dcducible 
from the data at our disposal. .Administra- 
tion of goitrogens leads to mild enlargement 
of the pituitary gland.- In this lalxiratory 
(unpublished data) a 0.1 thiouracil diet 
fed to mice for almost 400 days vieldcd 

-Hingin':, G. .M., .Im. .T. Sri.. liM.', 210. 
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DoLjs After Injection 

Tio. 1. 

■\Vciglits of pituitary glands after injection of Iisi. 


which consistently have given a millicurie unit injection. The 80 pc dose also produced meta- 
with about 90^ of the activitj^ indicated b}’’ plastic changes in the tracheal epithelium, 
measurements of the Oak Ridge National Dosages of 400 pc or more almost alwaj's 
Laborator}'. Measurement of uptake in resulted in death at an interval too early for 
several separate series of mice injected under development of hiTiophi'seal tumors. For 
these conditions showed that onl^^ 5% to 10% these reasons detailed discussion of results is 
of the administered is stored in the th 3 "- confined to animals given less than 400 pc of 
roid, reaching this ma.ximum 12 to 14 hours 1'“’'. 

after injection. The pituitar}' in our obser- Pituitary gland. Fig. 1 indicates the gen- 
vations never contained in concentrations eral pattern of results obtained. It seems 
significantly higher than the blood. clear that soon after injection of 100 pc to 

Animals were sacrificed in groups at inter- 323 pc quantities of radioactive iodide, and 
vals, or singlj' at irregular times if moribund, up to 150 days thereafter, there was mild en- 
Pituitaries were fi.ved in 10% formalin and largement of the h 3 'poph\-sis. The average 
weighed from 70% alcohol. Tracheas were control pituitary weight in this interval was 
sectioned serially for microscopic e.xamination. 1.2 mg. The average of I''''-injected animals 
Observations. The 10 pc and 50pc dosages was 3.34 mg. Between 150 and 250 days 
were without effect upon the pituitar 3 ', as rapid increments in pituitar 3 - weights oc- 
iudged by weight. The 80 pc dose was curred in mice given adequate I’"’ dosage, 
similarlv ineffective in producing tumorous As indicated in Fig. 1. after 250 days very few 
pituitaries, although it did elicit a 3-fold or pituitaries under 10 mg could be found. The 
4-fold enlargement of the gland in animals average control pituitar 3 - of older mice^weigh- 
which were of small weight at the time of ed 2.1 mg. The average of all the I’’" mice 
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17148. Influence of Environment on Preweaning Growth of the Rat. 
I. Dietary Regimen of the Young.* 

Edward A. 'Murphv and AIax S. Dunn. 

From the Chemical Lahoratory, Umvcrsily of California, Los Anyelcs. 


Evidence presented in a previous publica- 
tion- indicated that the growth cun^e of pre- 
weanling rats in the authors’ laboratoty- did 
not conform to the formulation of prewean- 
ing growth given by Zucker ct al?'* It was 
found with the Anderson and Smith'’ diet that 
Zucker’s equation, log W = k log t -f- log C, 
applied to the approximate postconception age 
periods, 22 to 34 and 43 to 30 days, but that 
there were changes in the constants of this 
equation at fairly definite ages. The first 
change at approximately 24 days was believed 
to be correlated with the birth-weight but the 
second change at about 29 days of age was 
tentatively ascribed to a change in growth pat- 
tern. The divergence of the curve from a 
straight line at about 34 to 43 days was as- 
sumed to be due primarily to some dietarj* 
influence. 

These results were obtained under the usual 
breeding conditions wherein the mother and 
young were housed in a single cage and all 
had access to the diet. It is generally recog- 
nized that the wung begin to ingest solid food 
coincident with the opening of their eyes at 
about 34 days after conception and it has been 
suggested- that this phenomenon may be as- 
sociated with the divergence of the growth 
curve. The following experiments, fashioned 
after those of Kozlowska ct «/." e.xcept that 

* t’.-ipcr tiO. For P.apor .S!) see Dnmi et nf.i 
Till' writer.-!’ work tins keen niiieil liy };rjiiits from 
till- Nutrition Foniulntion. Ine.. iiml tlie Vniver- 
sity of C.Ttifornia. The authors arc imlcbtcd to 
Walter S. Trasin for teehiiieal as.si.'itaiiee. 

t Dunn, M. R., Cnuiien, M. N.. Eidtison, R., niiil 
Malin. Xi. I?., in pres*!. 

- Murphy, 11, A., and llutm, M. R.. Orou th, 

if'xs, 12. .an. 

•a Zui'ker, I... Hall, I.,, Youno. M., and Zucker. 
T. F.. Croirih, 1P41. .T. ,a<i.n 

Zucker. 1... IVnll. I... Young, M.. and Zucker. 
T. F.. r.'roief/i. 41 .-,. 

Anderson. W. E.. and .Rmith. A. II., Am. J. 

nysioh. ip.ae. too. sn. 


no mineral supplements were employed, were 
performed to elucidate the factors contribut- 
ing to the observed divergence and to deter- 
mine the pattern of growth when the x'oung 
are restricted to the mother’s milk. 

. Experimental. Seven pregnant Long-Evans 
strain rats were placed in individual breeding 
cages. The first group (3 rats) was fed the 
.Anderson and Smith diet ad libitum in the 
breeding cages until the young were weaned. 
The second group (3 rats) was removed from 
the breeding cages (which contained no food) 
for 2-hour periods 3 to 4 times daily during 
the period 7:30 .A.AI. to 10:30 P.M. and 
allowed to eat the same diet ad libitum in 
separate cages. This procedure was continued 
until the young were weaned at 50 days post- 
conception (28 day’s, post-natal). -At this 
point the mother was removed from the breed- 
ing cage and the young were given the .An- 
derson and Smith diet ad libitum. The third 
group (1 rat) was fed similarly e.xcept that 
separate feeding of the mother was discon- 
tinued at 43 days postconception and the diet 
was made available ad libittm in the breed- 
ing cage until the young were weaned at 50 
days postconception. 

Each of the litters was reduced at birth to 
6 young divided, so far as possible, equally 
between males and females. The total weight 
of each sex in each group was determined 
daily and the total weights were divided by 
the number of males and females, respectively. 
The plot of the resultant averages is shown 
in the accompanying figures. These procedures 
afforded growth data on a total of 39 young 
(IS. 15 and 6, respectively) in the 3 groups. 

Results. The growth curves obtained for 
the male rats are shown in Fig. 1. Only the 
curves for the males are given inasmuch as 
the results were similar with the females. 
Since the growth data of the 10 males of 

« Kdzkm-.^kn, C'. M., McCay, C. M., .mrt May- 
naril, L. ,1. Sutr.. In.’iC, .">. Cil. 
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pituitary weights as high as 8.2. mg, and 
averaging 4.4 mg, compared to the . control 
weight in old mice of 2.0 mg. 

It does not seem likel 3 ', therefore, that the 
radiation thyroidectomy e.xperienced by our 
animak is the principal factor to be consid- 
ered, though it conceivably might play a 
synergistic role in combination irith some 
other influence. 

It has been well established'’’’’* that chronic 
administration of estrogens to rodents results 
in tumorous enlargements of the pituitary. It 
is tempting to note that many of . our long- 
term C*’’ females were in extended periods of 
vaginal cornification, and had enlarged mam- 
mary glands and uteri, as well as loosening of 
the pubic symphysis, when sacrificed 300 or 
more days after treatment. On the other 
hand, male Cgr mice were found to have 
some of the largest hypophyseal tumors in 
the series and yet displayed none of the usual 
signs of estrogenization. At the present time, 
attempts are being made at e.\perimental an- 
alysis of this situation, but a really rational 
approach to the problem does not seem to be 
indicated by the available data. 

It would , seem that the destruction of 
tracheal epithelium in our mice is a direct 
result of the ionizing beta radiation emanat- 
ing from the thyroid gland. The regenerated 
epithelia, though usually metaplastic never 
showed neoplastic tendencies, e.xcepting pos- 
sibly those cases of stratified squamous epi- 
thelia which were mitotically extremely ac- 
tive. Though apparently benign, the tracheal 

:i Cramer, W’., and Homing, E. S., Lancet, 1936, 
230, 1056. 

■1 W’olfe, J. M., and Wrigiit, A. W., Endocrinol- 
0.0.1/, ,1938, 23, 200. 


tumors found in our mice were, or were about 
to be, fatal through tracheal obstruction and 
hindrance to respiration.- 

It should be emphasized that the range of 
beta particles of I*®* in tissue is usually con- 
sidered to be approximately 2 mm.' The 
thyroid capsule alone is as thick as this 
around most human thyroids, and hence beta 
irradiation of thyroid-contiguous trachea! 
structures appears unlikely. Nevertheless, 
attention has been drawm® to the relatively 
frequent occurrence of signs of tracheal injurv’ 
in patients undergoing I*®* therapy for h\per- 
thjToidism. The possibility of fibrous trach- 
eal proliferation in humans following I*’’” 
treatment of the thyroid remains to be con- 
sidered. 

Summary. Following doses of radioactive 
iodine sufficient to cause destruction of most 
or all of the thyroid, tumorous enlargements 
wore found in the pituitary glands and trach- 
eas of mice. Hypophjoeal grow'ths as large 
as 240 milligrams (control, 2.1 mg) were 
found. Less than 10% of animals sacrificed 
more than 250 days after I*®* administration 
had pituitaries smaller than 10 mg in weight. 

Tracheal tumors of the fibrous tunica pro- 
pria, obstructing the tracheal lumen, were of 
lower incidence (4%) but appeared earlier. 
Fibrous thickenings of the tunica propria, and 
metaplastic regeneration of tracheal epitheli- 
um were more common. 

M-irinelli. L. F., Quimb.v, E. H., .-ind Hiiic, 
G. J., Am. /. Itoentffcnol. and Lad. Therap., 19IS, 
59, 200. 

cLukens, E. M., Ann. Otol Ehinot. and Lnrim- 
ffol; 194S, 57, 033. 
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LOG AGE, DAYS FROM CONCEPTION 
Fio. 2. 

SniXTiiniioscrl Incarittimie cuivi's relating body 
«vigbl and age of mule I,ong-Eva«s strain rats 
under dirfereiit dietary conditions. 

Solid line. .MIODE-— C'urve 1 <if Kij;. 1, T"nre- 
strieted feedinc. 

Solid line. ABCFGH— Carve 2 of Fig. 1, Ilc- 
striotod, to .">0 days. 

Solid lino, ABCFDE — Curve 3 of Fig. 1. Re- 
stricted, to 43 days. 

lute size will be considered in a subsequent 
publication. In Fig. 2 the solid line, ABODE, 
represents the growth of the males in Group I 
(unrestricted feeding): line ABCFDE repre- 
•sents the growth of the males in Group 3 
(restricted to 43 days): and line ABCFGH 
represents Llic growth of the males in Group 
2 (restricted to 50 days, weaning). It may 
be concluded from these results that the 
slopes of the segments CF and FG represent 
the rates of growth natural to the milk diet 
during these age periods and that the slope 
of segment DE is typical of the natural rate 
of growth on the solid diet after 43 days of age. 
The .shape of the growth curve of the unre- 
stricted males, therefore, would appear to be 


the resultant of the natural transition from 
the milk diet (CF) to that of the completely 
solid diet (DE) with the completion of the 
physiological ability to utilize fully the solid 
diet occurring at about 43 days (postconcep- 
tion). In this case the curve is naturally con- 
cave. Since, in the Group 3 animals there is 
present the physiological capacity to utilize 
the solid food, the resultant convexity of the 
carve is indicative of the “recovery” nature of 
the growth. This reasoning also accounts 
for the increase in slope of GH over that of 
DE. 

Since the data of Group I agree very 
well with other similar data obtained earlier 
and with different groups of animals, they 
have reasonable reliability. That segments 
of the 3 cuiA'es have the same relative shape 
and are superimposable is further evidence 
supporting this view. It would seem to be a 
logical conclusion that the divergence from 
a straight line between about 34 to 43 days 
(illustrated by Curve 1, Fig. 1 and reported 
previously-) does not indicate necessarily a 
qualitative deficiency in the diet but may be 
a natural phenomenon arising because of the 
transition from a milk diet to one of solid 
food. .-Mthough this explanation was sug- 
gested by MacDowell ct aL,~ the present ex- 
periments appear to be the first to demonstrate 
its validity. That the causes were quantita- 
tive, rather than qualitative, in nature was 
indicated in previous e.xperimenls- with a 
limited amount of data. It was also shown 
earlier that the degree of divergence and/or 
its duration could be influenced by the quality 
of the diet. 

Suni7nary. The shape of the preweaning 
growth curve of the rat is profoundh' affected 
by the lack or availability of solid food. The 
divergence from conformity to Zucker’s 
growth equation of rats raised on the Ander- 
son and Smith diet may be due to the natural 
transition from a liquid (milk) to a solid 
diet and does not appear to be e.xplaincd by 
a qualitative deficiency in this diet, 

Y AtiicDowcIl, E. C., Gate?, \V, Jl., and Mar- 
Dowell. C. G., .T. Gen. F/ivsiol., 1P30. 13, 520. 

Rccoivi'tl May 0, 1040. I’.F.E.B.M.. 1040, 71. 
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AGE. DAYS FROM CONCEPTION 

Fjg. 1. 

Logaritlimie curves relating body weight and age of male Long-Evans strain rats under 
different dietary conditions. 

Curve 1. Average of 33 rats, unrestricted feeding. 

Curve 2. Average of 10 rats, restricted until weaning. 

Curve 3. Average of 4 rats, restricted until 43 days of age. 


Group I and those obtained previously were 
in close agreement the two sets of data were 
combined. The resultant curve (Curve 1, 
Fig. 1), therefore, represents the average 
growth of 33 males. The average curv'es rep- 
resenting the nine males of Group 2 and the 
4 males of Group 3 are shown as Cun'es 2 and 
3 of Fig. 1, respectively. 

Dhcussiofi. It is apparent that the shape 
of the growth curve of the young, particularly 
from about 34 days of age (postconception) to 
weaning, is profoundly affected by the avail- 
ability of solid food. The changes in slope 
of Curves 2 and 3 occurring between 34 days 
and weaning may reflect l»th the decreasing 


food value to the young rat and the decreasing 
volume of the mother's milk.- The insuffici- 
ency of the milk as a food source with in- 
creasing size of the r'oung rat is emphasized 
by the abrupt increase in growth rate as 
soon as solid food became available. The 
correlation of these data is shown in Fig. 2 
which was constructed by superimposing the 
curves for the male rats given in Fig, 1. This 
was accomplished by aligning the tracings so 
that point B and the line BC on each of the 
3 curves coincided. In this way tlie curves 
are plotted appro.vimately identically on the 
X scale (age) without regard for the Y scale 
(weight). The effect of environment on aliso- 
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V TABLE I. 

Properties of Fractions Obtained bj" Electropboresis of EW Inliibitor Preparation A200 PII Eli in 
Pbnspliate Buffer of 0.1 Ionic Strength and pH 7.2. 


Fraction 

Vol. 

recovered 

(ml) 

K 

(-/per ml) 

Inhibition 

titer 

Partition of 
total recovered, 

-V (%) 

Partition of 
total recovered, 
activity (9c) 

Purification 

factor* 

.st.arting material 


95.5 

12,800 



40 

Descending limb 

G.l 

25.S 

1.500 

19 

G.S 

17 

A.seending 

Bottom cap 

0.4 

17.2 

2,700 

Id 

13 

47 

(a) supernatant 

o o 

85.6 

12,100 


20 

42 

(b) prccipitatef 

i.i 

29S 

02,000 

4C 

GO 

62 

(c) total? 

Crude KW 

3.5 

1G5 

1G,700 

31,000 

o5,500 

68 

SO 

56 

1.00 


* Calculated from tlic titcr/X ratio witli refereneo to the fiter/A' ratio of crude EW. 
i An almost transjjarent gel. Deducting the nitrogen and inhibitory activity of an equal volume of 
suiicrnatant, one obtains the value 71 for the purification factor of the solid phase. 

} Calculated by combining the results for supernatant and precipitate. 


phate buffer at pH 7.2, each at 0.1 ionic 
strength.' Inhibitor!- activiti- was titrated 
against 4 hemagglutinating doses of heated 
(SS^C, 30 minutes) purified swine influenza 
virus. Nitrogen was determined by direct 
nesslerization. 

Experimental. The following e.vperiment 
is illustrative. Semi-purified inhibitor, dial- 
yzed against phospate buffer, was submitted to 
electrophoresis at 5 volts per cm. Within 3 
minutes, the whole solution, initially almost 
clear, acquired a ground-glass appearance. 
Floccules formed gradually and settled toward 
the bottom cap. Precipitate remaining in the 
descending limb after 3 hours is shown in 
Fig. Id; settling was often complete in the 
ascending Imib (Fig. la). The isolated con- 
tents of the 2 limbs and bottom cap, the latter 
after centrifugation for 10 minutes at S70 g, 
were analyzed for nitrogen and inhibitor}- ac- 
tivity. The results (Table I) show (a) con- 
centration of inhibitory activity in the bot- 
tom cap; (b) association of the activity with 
the precipitate; and (c) purification of the 
inhibitor consequent to electrical precipita- 
tion. 

Precipitation occurred frequently during 
electrophoresis of solutions of whole or thick 
EW, wth results analogous to those of Table 
I. The precipitation seemcrl more pronounced 
in veronal than in phosphate buffer and could 

I Privipit.-ito oont;iiiiing inhibitory nclivitv fre- 
qticntly fiovclopofi during dialysis of "o'-'c whole 
or tliifk EW .and was mnovial by rontrifngation 
■Jirinr to clcv'tropborosi.s. 


be prevented in the former by vigorous blend- 
ing without significant decrease in inhibitory- 
activity. Hh’th semi-purified inhibitor, vigorous 
blending delayed the onset of precipitation, 
making it possible to record boundaries, as 
shown in Fig. 1 (A and D). In the absence 
of precipitation, neither inhibitor}- activity 
nor nitrogen was concentrated in the bottom 
cap. In contrast with precipitates obtained 
cliemically,^ these precipitates dissolved 
readily in dilute phosphate buffer. Indeed, re- 
solution occurred in the cell if the current was 
discontinued shortly after the onset of pre- 
cipitation. 

During the initial period of precipitation in 
thick EW. the precipitate moved in the cell 
like a protein component too dilute to register 
as a distinct peak of refractive inde.v gradient 
but visible because of its light-scattering ca- 
pacity. The diffuse edges of this material 
were r-isible, one in each limb, moving a little 
slower than the ovalbumin peaks. The peaks 
located in the region of precipitation were in- 
itially obscured, but reappeared as the pre- 
cipitate settled, and the final diagram did not 
differ significantly from diagrams of materials 
in which no precipitation occurred. With 
purified inhibitor, the precipitate moved well 
ahead of the slow- component.^ 

Discussion. \\ hile the mechanism of pre- 
cipitation during electrophoresis is not yet 
clear, the electric field. pH. and inhibitor con- 
centration may be recognized as contributing 
factors. Moreover, the blending e.xperiments 
indicate that the physical properties of the 
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17149. Electrical Precipitation of Egg-White Inhibitor of Influenza Virus 
Hemagglutination.* 


D. G. Sharp, Frank Lanni, Edith S. Dillon, and J. \V. Beard. 
From the Department of Surgery, Dul:c DniversiUj School of Medicine, Durham, X. C. 


During electrophoresis of solutions of crude 
egg-ivhite or semi-purified egg-white inhibi- 
tor* of virus hemagglutination, there frequent- 
I 3 ' develops a voluminous, gelatinous precipi- 
'tate which contains considerable inhibitor}^ 
activit}'. This phenomenon and its possible 
significance are discussed in the present re- 
port. 

Materials and methods. Egg-white (E\V) 
was collected from l-da 3 '-old hen’s eggs. The 


thick white was obtained apart from outer 
and inner thin,- diluted 4-fold, and homogen- 
ized lightly in a Waring blendor. Semi-puri- 
fied inhibitor was prepared from whole or 
thick E\\’' b 3 ’ precipitation with 7 volumes of 
O.I M KHoPOi and e.vtraction of the precipi- 
tate, after washing, with 0.06 iM phosphate 
buffer of pH 7.2^. Electrophoresis was car- 
ried out in the Tiselius cell with diah’zed 
solutions in veronal buffer at pH 8.6 dr phos- 



Fig. 

Pliotoeraplt of .osernding (a) and dracending (d) liint)s of Tiselius eell “Iter 3 hr ptiouing 
precipitate in (d). Diagrams of boundaries and the opacit.A- due to preeiint.-ite in ascending 
(1) and de.scending (D) limbs .after 22 min. The diagram of the sloive.st component after 
215 min. is shown in C. 


* This investigation was supported by a rc.searcJi 
grant from the National Cancer Institute, XI. S. 
Public Health Service: by a grant to Duke Uni- 
versity from Lcderlc Laboratories, Inc., Pe.arl 
Hiver." N. Y., and by the Dorothy Beard Besearch 


' 1 Laimi” F., Sharp. D. 0.. F.ckert. K. A.. Dillon, 
!•:. S., Beard, D.. and Beard, .1. XV., .t. Sini. Clirm., 
3!)43, in press, 

2 Hughes, .1. S., and .‘^eotf, H. M., J. roullry 
Sei., IRSfi, L->, 343, 
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accordance with the experience of most pre- 
vious investigators, most of our attempts 
ended in failure. However, in studies initia- 
ted before the work of Haig*’^ appeared in 
print, we too obtained results indicating that 
canine distemper virus ma}- be successfully 
passed for a number of generations on the 
chorio-allantoic membrane of developing chick 
embryos. The object of this paper is to 
present our e.\perimental data. 

Material and methods. The. distemper 
strain was the stock virus used by the Lederle 
Laboratories* for the production of canine dis- 
temper vaccine and immune serum. This 
strain of virus, hereafter referred to as the 
Lederle strain, was isolated from a sick dog 
in these laboratories in 1941 and has been 
maintained since then b}’ irregular alternate 
passages through ferrets and dogs. When in- 
oculated into ferrets, this strain produces the 
usual sj'mptoms and lesions characteristic of 
distemper: pyre.via, general er 3 'thema with 
rash around the mouth, which usualh’ becomes 
pustular: erythema and edema of the anus; 
innammation of the nasal passages and mu- 
cous membranes of the eyes, which is shown 
first by a watery discharge that later becomes 
purulent, causing edema and glueing of the 
ej-elids. .Ml inoculated ferrets show these 
symptoms 6 to 10 da\-s following inoculation 
and usually die 2 to 3 dot's later. 

The ferrets used in the e.vperiments were 
usuallj' between 3 and 10 months old. The\’ 
were bred on an upstate New York farm and 
when brought to the laboratories were kept 
in strict isolation at an adequate distance 
from the infected area. They were cared for 
by attendants who never came in contact with 
dog.s or the infected ferrets. 

Seven-da\'-old developing chick embryos 
were used throughout. Inoculations were 
made either onto the chorio-allantoic (C-.A) 
membrane or into the yolk sac. The inocu- 
lated eges were incubated eillier at 35° or 
3S‘C for 4 to 5 days at which time the chorio- 
allantoic membranes and 'or j'olk sacs, em- 

* Tlio aiitluirs are iiuIeliteJ tn Mr. H. M. Kroll. 
.\tuuial Intlustrv Si’etieii, I.aaierIo L.*iI>£ir.atoric.s, 
for lii'i ootipcrafioii in (tie initial st.agi-s of Jlie 
"ork. 


bn’os and allantoic fluids were haivested under 
aseptic conditions. All suspensions were 
made in beef heart infusion broth free of 
dextrose. 

Experimental. Of the various routes and 
series of inoculations made, the series that 
was followed with best success is described in 
detail; A 20% suspension of infected ferret 
spleen was centrifuged at 2,000 r.p.m. for 
10 minutes. To the supernate penicillin and 
streptomycin was added to give 500 units and 
100 gg of each respectively per ml and after 
standing for one hour at room temperature, 12 
eggs were inoculated with 0.2 ml each on the 
C-A membranes and then incubated at 35°C. 
One embrj'o was dead on the first daj' and was 
discarded. The remaining 11 embryos were 
still alive at the end of the 5th daj'. The 
C-A membranes appeared normal, The\' were 
harvested and a 20% suspension of their 
pooled tissue, after treatment with penicillin 
and streptomycin as described above, was in- 
oculated on the C-.'X membranes of a second 
series of 15 eggs. .A total of 4 serial passages 
in eggs was thus made. C-.A membranes of the 
4th passage were pooled and 0.5 ml of a 20% 
suspension of the pool was injected subcu- 
taneously into each of 2 ferrets. Both ferrets 
developed s.vmptoms tt'pical of distemper 9 
and 10 days later, respectively, and were 
found dead on the 12th da\'. 

.A 20% spleen suspension of one of the 
ferrets was inoculated into 10 developing 
chick embri'os by the \'olk-sac route. Four 
daj's later the \olk sacs of S suiviving em- 
brj'os were harvested and a portion of the 
pooled tissue suspension subinoculated onto 
the C-.A membranes of 10 eggs. Two more 
serial passages were made on the C-A mem- 
branes and then pooled membranes of the last 
passage were made up to a 20% suspension 
and injected subcutaneously in 0.5 ml amounts 
into each of 2 ferrets. Both ferrets showed 
sr-mptoms indicative of distemper on the 
7lh day and were found dead on the 9th day. 
.A suspension of their pooled spleens was pre- 
pared and a portion inoculated onto the C-.A 
membranes of 14 eggs. These eggs constituted 
the first p.ass3ge of our current strain in egg.-; 
which now has been carried for 74 suc- 
cessive serial transfers on the C-.A membranes. 
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inhibitor in solution are important for the 
phenomenon and that it is possible to modify 
some of these properties without appreciably 
affecting biological activity. Solutions of 
purified inhibitor have a high viscosity, sug- 
gesting the presence of a highl3' asymmetric 
component.^'^ Although it has not been pos- 
sible to observe birefringence during electro- 
phoresis of these solutions, it is possible that 
predisposition to aggregation results from 
orientation of asymmetric particles in the elec- 
tric field, as in the Kerr effect."* The applica- 
tion of the electrical precipitation phenomenon 

Eckert, E. A., Lajiiii, E., Beard, B., and Beard, 
J. W., Science, 1949, 109, 463, 


to the final purification of the EW inhibitor is 
being explored. 

Summary. Precipitation occurs in solutions 
of egg-white or purified egg-white inhibitor of 
virus hemagglutination submitted to an elec- 
tric field. The precipitate includes a great 
part of the inhibitor of the preparations in a 
state substantially purer than that of the start- 
ing material. This result suggests applica- 
tion of the phenomenon to the final purifica- 
tion of the inhibitor. 

•> Korr, ,T., Phil. Ufa.a. anti J. Set., 4tli Ser,, 1S75, 
56 , 446. 


Beceivod May 11, 1949. B.S.E.B.M., 1949, 71. 


17150. Propagation of Canine Distemper Virus on the Chorio-Allantoic 
Membrane of Embryonated Hen Eggs. 


ITctor Cabasso and Herald R. Cox. 

From ihc Section of Viral anti Eicl'cHsial Scseareh, Lctlcrlc Zaboratoric's PiviMon. American 
C’janamid Company, Pearl Piver, K. X. 


Several attempts have been made by i^arious 
investigators to cultivate canine distemper 
\drus in the tissues of developing chick em- 
brjms. Most of these attempts were not too 
successful. Thus, Mitscherlich* found the 
virus to survive for 6 days after inoculation 
onto the chorio-allantoic membrane, but not 
to be active after subinoculation to other 
eggs. Plummer- in two attempts maintained 
the virus for 5 and 6 passages respectively on 
the chorio-allantois but failed to carry it 
further. Beveridge and BurneP obtained no 
evidence that canine distemper virus multi- 
plied in chick embrjm tissues although various 
routes of inoculation were tried. 

However, Haig* reported the successful 

" 1 Mitsclwrlicli, E., Dtsch. tierarzil. Wttchr., 1938, 
46 . 497. 

2 I^lunimor, B. J. G., Canatl. J. Camp. Met!.. 
1939. S. 96. 

Bi'vwidge, "W. I. B., iind Burnet, F. M.. Me.l. 
Bes. Council, Sp. Beport Series, No. 236, 1946. 
p. 70. 

^ Haig. H. A.. Ontlcr.ttcpnarf J. Vtt. Sci. anil 
Anitnal Inihi.tlrii, 1948, 23, 149. 


cultivation of Green’s distemperoid • virus 
through 30 serial passages on the chorio-al- 
lantoic membrane of chick embryos, and later 
reported^ that the virus had been maintained 
on the chorio-allantoic membrane for more 
than 90 serial passages over a period of 15 
months. During this time the egg-adapted 
virus was found to have become partially at- 
tenuated for ferrets and to have lost some of 
its high!}' contagious characteristics for this 
species. A temperature of 37°C seemed to 
be the most suitable for incubation of the 
inoculated eggs since both higher virus titers 
and more pronounced macroscopic lesions on 
the chorio-allantoic membranes were attained. 
.Attempts to maintain the virus b\" serial pas- 
sage bv the j'olk-sac, allantoic cavity or am- 
niotic cavity routes of inoculation ended in 
failure. 

For some time attempts have been made in 
this laboratory to adapt canine distemper virus 
to some host other than dogs or ferrets. In 

Haip, P- A., J. Soiif/i Afr, V(t, MffJ. Assri.^ 
394S, 35), 73. 
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accordsnce vrith thi eEpcrisice oi pte- 
vio-ds investiritors. mist o? ocir attempts 
ended in fsScnre. HoTrever. in; stndres initia- 
ted before the w^rk of Hgig^-"- appeared in 
print, we to^ obtained results indicating tfcat 
canine distemper Tirus may be sU'CcessfuIIy 
passed for a number of generations on the 
chorio-allantQic membrane of dereloping cfci-ck 
embrj-os. Tire object of this paper is to 
present our esperimental dais. 

ilcterid end rrAiknd^. Tbe. distemper 
strain was tbe stock virus used by tbe Lederte 
Labomtories* for tbe production of canine dis- 
temper vaedne and immune serum. This 
strain of virus, bereafter referred to as tbe 
Ledcrk strain, was isolated trout a sick dog 
in these laboratories in 1941 and has been 
maintained since then by irregular alternate 
passages tbrougb ferrets and d-ogs. v.’ben in- 
oculated into ferrets, this strain pnKuces tbs 
usual sjimptoms and lesions characteristic of 
distemper; pvTsda. general ecv-tbema with 
rash around tbe mioutb. wbicb usually becomes 
pustular: ervibema and edema of tbe anus: 
inSamimation of tbe nasal passages and mu- 
cous membranes of tbe eyes, vrbicb is shown 
first by a waterv- dlscbarge that later beoomes 
purulent, causing edema and glueing oi tbe 
eyelids. .4.11 inoculated ferrets show these 
sv-mptoms 6 to IQ cav's fodowieg inoculation 
and usually die 2 to 5 davs later. 

The ferrets used in tbe experiments were 
usually between 5 and 10 months old. Tbev.- 
were bred on an upstate New York farm and 
when brouigbt to tbe laboratories were kept 
in strict isolation at an adeauate distance 
from tbe tnfectai area. They were cared to- 
by attendants who never came in oontact with 
dogs or tbe infected ferrets. 

Seven-day-ijid developing chick embrros 
were used tbrouubout. lorulations were 
made either onto the cbori->aH3ntoic (C-.4.) 
membrane or into tbe yolk sac. Tbe inc-cu- 
lacec eggs were incubated either at 55' or 
.e- C for a to 5 days at which time tbe cboric— 
al!.anto;c membranes and or volk sacs, em- 
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aseptic oaadftions. .411 51 : 33 . 2 : 5:7115 were 
made in beef heart infusion broth free c-t 
dextnose. 

Hryerfmemtcf. ^Oz tbe vtario^ routes :mi 

was followed vritb best success is described in 
detail: A ZCbe suspccsf-cn of tnxected terret 
spleen was centrifuged at 2.020 r.pxn. for 
10' miuntes. To tbe superrmte nenicillm and 
stceptoutv'cm was added tai give 5C0 units and 
ICG .eg of each respectively per ml and after 
standing for one hour at ro.om temperature. 12 
eggs were inoculated with CA ml each on tbe 
C-.Y membmnes and then mrubatei at 5S*C. 

discarded. Tbe remaining 11 embrvoss were 
stfll alive at tbe end of tbe 5tb cay. Tbe 
C-.4. m.emaranes appeared normal. They were 
harvested and a suspeesfon of tbefr 

ptoled tissue, after treatment with pentefnin 

o<:t^ted on tbe'c-.Y^membranes^of'a 

in eggs was thus made. C-.Y membranes of me 
-tb passage were pt-oled and QA mi of a 2GT<- 
suspension of tbe pool vms inTected subcu- 
taneously into each of 2 ferrets. Both ferrets 
cevelcped symptoms typical of distemper 9 
and 10 days later, respectively, and were 
found dead on tbe I2tb cay. 


.Y ZOjd spleen susp-msion of one of tbe 
terreE was incrulated into 10 de-relcp—g 
chick embrvTjs by the yo-lk-sac mute. Four 
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inhibitor in solution are important for the 
phenomenon and that it is possible to modify 
some of these properties ivithout appreciably 
affecting biological activity. Solutions of 
purified inhibitor have a high viscosity, sug- 
gesting the presence of a highly asymmetric 
component.^'® Although it has not been pos- 
sible to observe birefringence during electro- 
phoresis of these solutions, it is possible that 
predisposition to aggregation results from 
orientation of asymmetric particles in the elec- 
tric field, as in the Kerr effect.^ The applica- 
tion of the electrical precipitation phenomenon 

Eckert, E. A., Laiiiii, E., Be.nrd, D., ajitl Beard, 
J. tv., Science, 1949, 100 , 403. 


to the final purification of the EW inhibitor is 
being explored. 

Summary. Precipitation occurs in solutions 
of egg-white or purified egg-white inhibitor of 
virus hemagglutination submitted to an elec- 
tric field. The precipitate includes a great 
part of the inhibitor of the preparations in a 
state substantially purer than that of the start- 
ing material. This result suggests applica- 
tion of the phenomenon to the final purifica- 
tion of the inhibitor. 

I Kerr, J., Phi!. Mag. ami J. Set., 4tli Scr.. 187S, 
56, 440. 


Received May 11, 1949. P.S.E.B.M., 1949, 71. 


17150. Propagation of Canine Distemper Virus on the Ghorio-Allantoic 
Membrane of Embryonated Hen Eggs. 

Victor Cabasso and Herald R. Cox. 

Pram the Section of Virai and Picl-eitsinl Pcscarch, Lcdcrtc Laloratorics Divistion, American 
Cyanamid Company, Pearl Piver, K. E. 


Several attempts have been made by various 
investigators to cultivate canine distemper 
virus in the tissues of developing chick em- 
bryos. i\Iost of these attempts were not too 
successful. Thus, Mitscherlich^ found the 
v'irus to 5ur^'ive for 6 days after inoculation 
onto the chorio-allantoic membrane, but not 
to be active after subinoculation to other 
eggs. Plummer- in two attempts maintained 
the virus for 5 and 6 passages respectively on 
the chorio-allantois but failed to carry it 
further. Beveridge and Burnet-’’ obtained no 
evidence that canine distemper virus multi- 
plied in chick embrjm tissues although various 
routes of inoculation were tried. 

Howet'er, Haig* reported the successful 

1 Mitsclicrlich, E., P/.fch. ticrorctl. TT.-ichr., 1938, 
40. 497. 

2 Plummer, P. J. G., Canad. J. Comii. Med.. 
1939. 3. 99. 

Beveridge, tV. J. B., .md Burnet, F. M.. Mel. 
Res. Council, .‘Sp. Report .Series, No. 256. 1940, 
p, 70. 

I Hiiig, D. A., Ondcr.ilcpoiirl .7. Vet. Sci. and 
Animat Indimlry. 194S, 2.3, 149. 


cultivation of Green's distemperoid . virus 
through 30 serial passages on the cliorio-al- 
lantoic membrane of chick embrt'os, and later 
reported’' that the virus had been maintained 
on the chorio-allantoic membrane for more 
than 90 serial passages over a period of 15 
months. During this time the egg-adapted 
virus ivas found to have become partially at- 
tenuated for ferrets and to have lost some of 
its highly contagious characteristics for this 
species. A temperature of 37°C seemed to 
be the most suitable for incubation of the 
inoculated eggs since both higher virus titers 
and more pronounced macroscopic lesions on 
the chorio-allantoic membranes were attained. 
.Attempts to maintain the virus by serial pas- 
sage by the yolk-sac, allantoic cavity or am- 
niotic cavity routes of inoculation ended in 
failure. 

For some time attempts have been made in 
this laboratory to adapt canine distemper virus 
to some host other than dogs or ferrets. In 

D. A., d. Sotnh Afr. fit. Med. A.i-n.. 
1948, 10, 73- 
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lethal effect for ferrets through at least the 
20th egg passage. Starting at the 26th pas- 
sage le%'el, however, the C-.-^ membrane ma- 
terial was definitely of lessened virulence since 
1 of 2 ferrets survived infection following a 
very mild illness and was found to be com- 
pletely resistant on rechallenge with approxi- 
mately 100 :MLD of rirulent ferret spleen 
virus 30 days later. Likewise ferrets inocu- 
lated with C-.\ membranes of the 28th and 
32nd egg passages showed no signs of infection 
although they too were found completely re- 
sistant to rechallenge with approximately 
100 jMLD of virulent ferret spleen \nrus 30 
days later. 

Further prooj for identity of the virus. In 
order to eliminate the possibility of having 
viruses other than that of canine distemper 
present, the following animals were inoculated 
with a 20% suspension of C-.\ membranes of 
the 48th egg passage: 6 Swiss albino mice 
with 0.03 ml each intracerebrally; 3 guinea 
pigs with 0.15 ml each intracerebrally; 3 
guinea pigs wlh 1.0 ml each subcutaneously: 

2 rabbits on the scarified corneas with 0.1 ml 
each, and 2 ferrets with 1.0 ml each intra- 
peritoneally. Xone of the inoculated animals 
showed any signs of illness, therefore infec- 
tion with other viruses such as lymphocytic 
choriomeningitis or herpes simplex was im- 
probable. The 2 ferrets were challenged at 
the end of 30 days and were shown to be 
immune to at least 100 MLD of virulent 
ferret spleen distemper virus. 

Neutralization tests in eggs. Dogs, ferrets 
and guinea pigs were h\perimmunized with 
repeated injections of ferret spleen virus. 
Blood samples were drawn and the sera from 
each species pooled. Pools of normal ferret 
serum and normal guinea pig serum were also 
prepared. The 5 serum pools were filtered 
separately through single Seitz EK pads and 
inactivated at 56X for 30 minutes. Each 
serum pool was then mixed with an equal 
volume of a 20% suspension of C-A mem- 
branes of the 55th egg passage. .As a further 
control a mi.xture of equal volumes of sterile 
broth and C-.\ membrane suspension was 
similarly prepared. All 6 mixtures were in- 
cubated at 37 C for 2 hours before inocula- 
tion into 6 eggs each on the C-A membranes. 


All eggs were opened after 5 days’ incubation 
at 35'’C and the embryonic membranes and 
tissues careful!}- examined macroscopically. 
The results may be summarized by stating that 
those eggs inoculated with the mixtures con- 
taining normal ferret serum, normal guinea 
pig serum or sterile broth all showed the 
markedly thickened membranes and numer- 
ous opaque foci that are usually observed with 
the Lcdcrlc strain of egg-adapted canine dis- 
temper virus. In contrast those eggs inoculated 
with the mixtures containing immune guinea 
pig, ferret or dog sera showed only the tv-pi- 
cally thin, sparkling transparent appearance of 
normal membranes with no visible lesions 
whatsoever. 

Neutralization tests in ferrets. Two ferrets 
were hyperimmunized by injecting them sub- 
cutaneously at 5-day intervals with 1 ml of a 
20% C-A membrane suspension representing 
the S9th, 60th, 61st, 62nd. 63rd and 64th 
egg passages. The ferrets were bled by car- 
diac puncture one week after the last injection 
and their sera pooled. Three guinea pigs 
which were h}q)erimmunized in a similar 
manner were likewise bled and their sera 
pooled. In addition 2 other ferrets were sub- 
mitted to the same schedule of immunization 
with the exception that they received an ad- 
ditional intraperitonea! injection of 2.0 ml 
of a 20% suspension of the 65th C-.A mem- 
brane passage. They were also bled one 
week after the last injection and their sera 
pooled. Pools of normal ferret and of normal 
guinea pig sera were also prepared. The 5 
serum pools were filtered separately through 
single Seitz EK pads and inactiviated at 
Sfi'C for 30 minutes. Mixtures, containing 
S ml of the respective serum plus 2 ml of 
infected ferret spleen suspension (containing 
at least 100 MLD of virulent virus per ml) 
were incubated at 37°C for 2 hours and then 
injected intraperitoneally into 2 ferrets, each 
ferret receiving 5 m.l of the serum-virus mi.x- 
ture. The results may be summarized by 
stating that those ferrets inoculated rvith the 
mixtures containing normal ferret or guinea 
pig serum showed typical symptoms of dis- 
temper starting either on the 7th or Sth day 
and were dead by the 11th to 13 th day. In 
contrast the 6 ferrets inoculated with the 
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Distemper Virus in Hen Eggs 


Our experience with the Lcdcrle strain 
propagated on the C-A membranes has been 
very similar in many ways to that reported 
by Haig'*'^ for the Ondcrstepoort strain. Up 
through the 9th to 10th passage of the Lcderle 
strain very little, if any, changes were noticed 
in the appearance of the C-A membranes. 
However, starting at that passage level some 
of the membranes were noted to be thickened 
and moist, showing fairly numerous small 
areas whitish-gray in appearance. These 
changes became more marked with increasing 
number of egg passages so that to date, at 
the 74th passage, the membranes are marked- 
ly thickened and the accompanying lesions 
quite numerous, heavy and opaque (see 
Fig. 1). 

Appropriate bacteriological tests carried out 
routinely with both aerobic and anaerobic 
media have consistently shown the infected 
tissues to be free of any detectable bacterial 
contaminants. 

Subwoculafiott of the egg-adapted virus 
into ferrets. .‘\t inter\'als membranes of a 
certain passage level were pooled, homogen- 
ized to a uniform suspension and inoculated 
into ferrets for testing of virulence. The data 



Kig. I. 

UisiCmper infected cliorio-rtllantoic membrane. 

pertaining to the maintenance of the virus in 
eggs and subinoculation into ferrets are sum- 
marized in Fig. 2. 

In brief, it was found that canine distemper 
virus may be maintained by serial passage 
on the C-.^ membranes of developing chick 
embryos and that the virus still retains its 
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blood count, sedimentation rate, bleeding and 
coagulation time, serum protein, alkaline phos- 
phatase, cephalin flocculation, thjmiol tur- 
bidity, NPN, and serum chymotriTisin and 
rennin inhibitors.® When feasible, patients 
were followed roentgenographically as well. 

The diagnosis in each instance had been 
proved b\' biops}'. There were 15 cases in 
the series: bronchogenic carcinoma, 3: car- 
cinoma of stomach, 2; embryonal carcinoma 
of testicle, 2; and one each of recto-sigmoid 
and uterine carcinoma, synovioma, lympho- 
sarcoma, Hodgkin’s disease, acute and sub- 
acute lymphatic leukemias, and chronic myelo- 
genous leukemia. 

Crystalline chjnnotrypsin in saline was 
given in daily intramuscular doses ranging 
from 4 to 60 mg for periods of 21 to 135 days, 
with an average of 64 days. The usual dose 
was the recommended one of 30 mg. Three 
patients could not tolerate more than 4 to 6 
mg without intense pain in the most involved 
organ (liver, stomach and spleen) accompan- 
ied by chills and fever 12 to 24 hours after 
injection. SL\ cases developed pronounced 
allergy to the drug, forcing reduction in dose 
or discontinuation of treatment. Two had 
generalized urticarial reactions, 2 exhibited 


anaphx'lactic shock, and 2 had extreme local 
ervdhema and edema at the site of injection. 
Two patients died in congestive failure about 
a week after onset of precordial pain, ankle 
edema and dyspnea. Electrocardiograms were 
normal before death and autopsy failed to re- 
veal significant cardiac pathologj’. Whether 
or not these deaths were related to treatment 
is debatable. 

The sedimentation rate rvas doubled during 
chjTnotrx'psin therapy. There were no other 
consistent laboratory findings. The serum 
level of chymotrj'psin inhibitor was not al- 
tered delectably, which is understandable in 
view of the fact that there is sufficient inhibi- 
tor in the circulation alone in many such 
patients to inactivate 25 to 50 g of pure 
ch 3 Tnotr\'psin. 

In no case was the clinical course of the 
patient influenced by chymotrypsin therapy. 
Nine patients have died and a study of autop- 
sy material has not revealed any unusual de- 
generative changes in the neoplasm. 

Summary. Treatment with crystalline 
chymotrj'psin did not influence the course of 
neoplastic disease in experimental animals or 
in fifteen selected cancer patients. 

Rccoived M.iy 12, 1949^ P.S.E.B.M., 1949, 71. 


17153. Action of Chloromycetin on Salmonella. 

Erich Seligmann and hliCHAEL Wassermann. (Introduced by William .\ntopol,) 
From the Department of Bacteriotogy and Serology, Beth Israel Do.spital, -Ycir I'orJ; City. 


.\s yet there exists no effective remedj' to 
prevent or cure Salmonella infections in man 
and animals. .■\n\’' new antibiotic with selec- 
tive activity against gram negative organisms, 
therefore, is worth a trial against Salmonella 
infections. Chloromt'cetin, the antibiotic pro- 
duced bj' Streptomj'ces \'enezuelae' possesses 
these qualities in addition to its marked ef- 
fect against Rickettsia. Clinical e.xperiments 
indicate some success in the treatment of hu- 

1 I'.hrlU'li. ,r.. liHrtz, Q. p., Smitli, E. M., .toslyn, 
n. and Biirkholdcr. P. R., Science. intT, 10«. 
•)17. 


man typhoid fever (a Salmonellosis. )- 
lu vitro tests tvith a number of gram nega- 
tive bacilli were performed by Smith ct al.,^ 
and revealed remarkable sensitivitr*. usually 
in a range below 1 gg of the drug. These re- 
sults were obtained bt' a special turbiditt’ as- 
say' method developed by Joslyn and Gal- 

a Woodward, T. E., Smadel, J. E.. Ley, H. L.. 
•Tr., Green. R., and Mankikar, D. S., .Inn. Int. 
Med.. HHS. 20, 131. 

^ SJmith. R. M., .Teslyn, P. A.. Grulizit, 0. ^l., 
Me Lean. I. W.. ,Tr., Penner. M. A., and Ekrliili. 
,1., J. Bite!.. 1P4S, .'Ll, 42.'.. 



Ineffectiveness of Chy^motrypsin Uherapy'' in iMalignancy 


of marked diaphoresis, weakness, loss of con- 
sciousness, rapid thready pulse, faint heart 
sounds, and peripheral vascular collapse were 
encountered in 3 patients, (Cases 8, 9 and 10) 
within 5 minutes following the 40th, 53rd and 
29th doses, respectively, of the enzyme. 
Prompt use of artificial respiration, epi- 
nephrine intramuscularty, oxygen inhalations 
and intravenous saline probably prevented 
fatal termination of these anaphylactoid re- 
actions in patients apparently sensitized bj’- 
previous injections of the protein enzyme. 
Another patient (Case 6) bad a similar but 


less severe reaction with spontaneous recovery 
after the 22nd dose. 

Further trial of chymotrypsin was, discon- 
tinued, not only because it had no effect what- 
soev'er in 10 patients with advanced malig- 
nant neoplasms, but because repeated adminis- 
trations of the protein enzyme are of definite 
serious hazard. 

Summary. Parenteral injections of chymo- 
trypsin had no effect on the course of 10 cases 
of neoplastic disease in man. 

Rfcoh-cd 5I.iy 12, 191.0. P.S.E.B.5I., 1919, "1. 


17152. Ineffectiveness of Chymotrypsin Therapy in Malignancy.* 

Phieip M. West. (Introduced by M. B. Shimkin.) 

From the Deportment of Siophjinies, McJical School, UniverKitii of Cniifornia at Lon Anflclc.'i, 
and the Birmingham Veterans Administration Hospital, Van Xups, Calif. 


An elaborate theory has been proposed by- 
Krebs and co-workers^-- which assumes that 
the cancer ceil and the trophoblast cell are 
fundamentally alike, and that both are de- 
stroyed selectively by the pancreatic enzyme 
chymotrypsin. On the basis of this reasoning, 
but with few supporting facts, chymotrypsin 
has been suggested as the palliative of choice 
in neoplastic disease. This report summarizes 
the negative results of chymotrypsin therapy- 
in experimental and clinical cancer. 

Experimental cancer. The toxic dose of 
crystalline chymotrypsin-t in mice subjected 
to repeated daily intraperitoneal injection ivas 
established at 40 to 80 mg per kilo of body 
weight. The dose used in treatment was 2.0 

Aided l)v a grant from tlje t'alifiirnia lii.stifutc 
for Cancer Researt-li. Publislied witli i>ennis.sion 
of tlie Cliief Medical Director, Department of 
yiedicino and Surgei-y, Veterans Administration, 
vlio assiime.s- no responsibility for tlie opinions 
expressed or eonclusinns drawn by the authors. 

J tliiroliot, c., Krebs. E. T., .Tr., and Krebs. 
E. T., Snrg., Cj/nec. and Ohsl., 1947, 84. 301. 

a Kreb.s. E. T„ Krel>s, E. T„ .Tr.. and Cluri-hot, 
C.. -V. Bee.. 1^47, lOU, 479. 

t Crvstalline Chymotrypsin was su]iplied tiy 
Spieer-Gcrhart Co.. Pa.-adena, Calif., and YVortli- 
ington r.ir.chemic.-d Eaboratory, Fr.-elmid, .N. J. 


mg per kilo, which is 5 times the recommended 
dose for humans. Forty mice with subcutan- 
eously transplanted sarcoma 180 and 40 with- 
out tumor were employ-ed in the experiment. 
Half of each group received chymotrypsin in- 
Iraperitoneally 7 days a week for 14 days, 
the remainder serving as controls, '\^'eight 
gains were uniform in all 4 groups of animals. 
Treatment was begun when tumors were meas- 
urable, on the fifth day after transplantation, 
and tumor size was recorded on alternate days 
thereafter. The average increase in tumor 
area at the conclusion of the e.xperimetU was 
3.8 times in the treated animals and 3.7 times 
in the controls. No change in chymotrypsin 
inhibitor concentration of the blood as de- 
termined by the method of AVesl and Hilliard '' 
resulted from the treatment in either normal 
or tumor-bearing animals. 

Clinical Cancer. All patients selected for 
chiTnotrypsin treatment had received the 
maximum benefit from accepted form.s of ther- 
apy but still had active dlsca.se. Their clinical 
course was followed by an impartial group of 
observers, Drs. G. Leiby, J. .-X. Weinberg. 

F Kaac. and F. W. Wilkins of this ho.pital. 
Weekly laboratory determinations includcnl, 

' aYVcoTrrjr., aiiininiiiioi, Ji-I'amiup. in 
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TABLE I. 

Oral Infection of Mice ■with 0.1 cc of Broth Cutture of S. iiiuriiim 190S and Treatment 

with Cliloromycetin. 

Surviving after, days 


/”"■ — 1 


Treatment 

No. of mice 

1 

5 

6 

7 

S 

9 

10 

11 

12 

14 

21 

None 

(controls) 

20 

20 

IG 

12 

9 

6 


1 

0 




Oral 

20 

10 

10 

10 

10 

S* 

1 

7 

.) 

5 

o 

1 

Parcnter.al 

10 

10 

in 

10 

10 

9* 

9 

9 

8 

7 

6 

1 


* Last day of treatment. 


TABLE II. 

Parenteral Infection of Mice with 0.1 ee of Broth Culture of Si. lyphi murium 190S (1:G0) and 
Treatment with Cliloromycetin. 

Surviving after, days 


f N 


Tre.atmcnt 

No. of mice 

1 

5 

6 

7 

S 

9 

10 

U 12 

14 

21 

X< no 
(controls') 

20 

20 

7 

.5 

4 

0 






Oral 

10 

10 

10 

10 

10 

8‘ 

7 

7 

o 

o 

1 

Parontcnil 

20 

20 

20 

IS 

15» 

11 

10 

9 

0 

3 

3 


■“ Last day of treatment. 


days. Total injected Chloromycetin was 35 mg 
or 1750 mg per kg. Table 1 gives the results. 

Treatment began immediately after infec- 
tion and terminated on the eighth day. On 
the llih day all controls were dead, while 5 
and S, respectively, of the treated animals 
were still alive. At the end of the experiment, 
however, (21st day) only one of each series 
of treated animals survived. Thus, oral in- 
fection with S. typhi murium could not be 
checked by oral or subcutaneous treatment 
with large doses of Chloromycetin. In Table 
II similar experiments were performed after 
parenteral infection of the mice (.1 cc of an 
18 hour broth culture of S. typfii murium 1908. 
diluted 1:60). The parenteral treatment with 
Chloromycetin was performed for 7 days with 
a total of 25 mg or 1250 mg per kg; the oral 
treatment (8 days) with a total of 24 mg 
or 1200 mg per kg. 

The results are almost identical with 
those of the first test. When all untreated 
animals had succumbed (7th day), a con- 
siderable number of treated mice were still 
alive. On withdrawal of the drug, however. 


and in the course of the next 2 weeks, most of 
the treated animals died. Only a few sur- 
vived at the end of the experiment (2 1st day). 
S. typhi murium was recovered from the con- 
trols and the treated dead mice, often in pure 
culture. It was found in heart blood and in- 
testines in both series. The Chloromycetin 
sensitivity of the recovered strains had not 
changed. The original culture, as well as the 
strains isolated from the animals, still showed 
sensitivity to 2 /ig. 

Suvimary. Chloromycetin inhibits the 
growth of Salmonella organisms in vitro re- 
markably, but is not able even in large 
amounts to control Salmonella infections in 
mice. Neither the oral nor the subcutaneous 
form of treatment prevented the fatal out- 
come of the disease in most animals, although 
it prolonged the survival time. Its action in 
the animals was bacteriostatic and not bacteri- 
cidal. Due to its absorption conditions, Chloro- 
mycetin exerts no influence on the intestinal 
flora, when given orally. 

Ri-ceivvd May 17, 1949. P..S.E.B.M.. 1949, 71. 
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braith.-* A strain of Sfi. sointci No. 04628 
was used as the test strain, and inhibited by 
.2 ftg in this set-up. In our experiments* the 
same test strain was employed in a simplified 
serial dilution method. Sensitivity was meas- 
ured by the smallest amount of Chloromy- 
cetin that completely suppressed growth after 
24 hours. With this method the test strain 
was regularly sensitive to I fig. 

Sixty-eight gram negative strains were ex- 
amined; they included B. coli and other coli- 
form organisms, aerobacier aerogencs, B. pro- 
tens, Pseudomonas aeruginosa. Shigella t 3 TJes, 
2 strains of 5. typhosa and 21 other Salmon- 
ella tipes. Most strains of Pseudomonas 
aeruginosa and some coliform organisms were 
remarkably resistant to Chloromycetin and 
required concentrations from 20-100 fig per 
ml for inhibition. Of the 23 Salmonella types, 
19, including S. typhosa, were sensitive to 2 
fig, four to 4 fig, none higher. No relation 
existed between streptomycin resistance and 
Chloromycetin resistance; no absolute resis- 
tance to Chloromycetin was encountered in 
any strain. 

For animal experiments (oral and paren- 
teral treatment) solutions of Chloromycetin in 
20% propylene glycol were used; emulsions in 
acacia, as recommended, were not practicable 
because of the small amount of the material to 
be ingested. 

Crystallized chlorom 3 "cetin is not readily 
soluble in water; suitable solutions however, 
can be produced by use of 20% propylene 
glj'col. Final concentrations of 10 mg per 
nr! were obtained by heating for 10-20 
minutes in a water bath at 56°. .At room 
temperature needle-shaped crystals precipi- 
tated. They disappeared on repeated immer- 
sion into the water bath at 56°. The antibi- 
otic activity of these solutions was not im- 
paired by repeated exposure to 56°. iSIice, 
20 g of weight were fed with Chloromycetin 
solution by introduction through a smoothly 
blunt 18 gauge needle attached to a tubercu- 
lin-syringe. For 4 consecutive days 2000 /ig 

'"T^kin'DrXratvl o.ilbraith, -M., .t. Hart., 

W4T, .->4, 20. 

• Cr.v<tallizi'<l eliloromycetiii 'v a s supplied 
tt.rmigh tt.e eiuirte.sy of P.urke Diivi.s :.»d Co. 


(contained in ,2 m!) were given twice daily, 
at 9 A.M. and 4 P.M. The total dose 
amounted to 16 mg or 800 mg per kg moiise. 
No toxic effects were observed. 

The intestinal flora was checked by stool 
cultures taken before the start of the experi- 
ment and after the 5th and 7th feeding. No 
growth difference was found; number and 
size of colonies (mostly B. coli, B. proteiis, en- 
terococci), remained almost unchanged during 
the course of the tests. In this respect the 
action of Chloromycetin is different from that 
of streptomycin. Feeding of the latter drug 
results in a marked decrease of fecal organ- 
isms, even bringing about complete inhibition 
of growth.’’’® Streptomycin remains practi- 
cally unabsorbed in the intestinal tract, and is 
not destroyed in the intestines. Since Chloro- 
mycetin is readily absorbed by the oral route;'’ 
no active material remains in the intestines 
for any length of time. The fecal flora, there- 
fore, is not affected. 

Salmonella injections. Virulent organisms 
used for infection of mice by the oral or par- 
enteral route, as a rule, give rise to general- 
ized septicemia with fatal outcome. The ba- 
cilli transgress the intestinal wall from both 
sides, from the intestinal into the general 
circulation as well as from blood and l.vmph 
sjistem into the intestinal lumen. The failure, 
therefore, of chloromjxetin given by mouth to 
influence the bacteria inside the intestinal 
tract does not preclude its possible activity 
against those Salmonella organisms that have 
entered the body system from there. 

In the first e.xperiment 40 mice of about 
20 g body weight received orally .1 cc of an 
18 hour broth culture of S. typhi murium 1 90S 
known for its constant virulence. Twenty 
animals served as controls, 10 mice underwent 
oral treatment: 2000 ng twice a day for 4 
days, once a day for 4 more da.vs; total in- 
"ested Chloromycetin was 24 mg or 1200 mg 
per kg. -A second batch of 10 mice was 
injected subcutaneously with 2500 /ig twice a 
daj' for 6 daj’s and once a day for 2 more 

\V:is!iormnmi, >1., -A Hart ., 

IPie, mt, 127 . 

« Hi*Ii/;iiiiii"i. E., IL'irasIi, I... ii'kI < Q.. 
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Fig. 1. 

Smiill upn-c fiber stimulation in ventral root, recording from dorsal rootlcL Single 
fiber afferent disebarges from soleus at varying muscle tensions. Stimulus intervals 
are 0 msec. 

A. B, and C — Muscle tension 40 g. In A and B 2 and 3 stimuli set up 2 sensory 
spindle disebarges. C. 0 stimuli cause a train of responses. 

D and E — Tension 20 g. D. G stimuli as in C now set up fewer discharges. E. 10 
stimuli restore longer train of discharges. 

F and 6 — Zero tension. (1 and 10 stimuli are practically ineffective. Occasional 
resting dischargi'S occurred at 40 and 20 g muscle tension. 


number of stimuli but shows a mechanism of 
facilitation. Lowering the muscle tension 
renders the spindle less sensitive to small-ner\-e 
excitation, but at intermediate tensions an in- 
crease in number of stimuli can compensate for 
such an effect (C -f- E). However, at zero 
muscle tension even prolonged stimuli remain 
practically ineffective. The spindle of Fig. I 
gave an .-\i type response as described by Mat- 
thews. Its discharge showed a high threshold 
to stretch. 

The facilitation mechanism of spindle dis- 
charge and other data suggest that the small- 
nerve fibers in the cat cause local contractions 
in intrafusal muscle fibers. This would be 
analogous to the graded contractile responses 
in frog striated muscles, innervated by the 
small-nerve motor system. 

Besides tire small-nerve innervation de- 


scribed here, many spindle intrafusal fibers 
are supplied by motor nerves of larger diame- 
ter as originally found by Matthews (cf 
also’”). The latter cause a discharge pattern 
which is in contrast to the one illustrated in 
Fig. I in that a single nerxm impulse sets up 
a burst of sensory discharges. 

Summary. The lumbosacral ventral root out- 
flow of the cat contains 20-25 p.c. small 
diameter nerve fibers. These cause no de- 
tectable shortening of muscles and no propa- 
gated muscle impulses. Stimulation of such 
fibers sets up discharges from muscle spindle 
receptors. The discharge is dependent upon 
the number and frequency of stimuli and on 
adjustment of muscle stretch. 

V n.’irker. P.. Qiinrt. .1. MU-roxenp, Sri., 104S. 
S!>, 14.3. 

Mny IS, 194P. P.S.E.B.M., 1949, 71. 
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17154. Small-nerve Fibers in Mammalian Ventral Roots.^ 
Stephen W. Kuffler and Carlton C; Hunt.) (Introduced b\’ Philip Bard.) 

I'Vom Wilmcr Insiiiuic, Joints IIopl:i7is 2[e<licul School, Ilallimorc, M<1. 


The function of the frogs small-ner\’e motor 
system has been studied in detail during the 
last iew years.^-* Slowly conducting high 
threshold nerve fibers of around 5 /x, in 
diameter emerge through the ventral roots 
and inner\'ate numerous muscles in the body. 
On stimulation they cause local graded con- 
tractions around the neuromuscular junction, 
depending on the frequency of stimulation. 
The frogs small-nerve system also shows a 
distinct refle.v pattern. 

In the cat about 25 per cent of the nerve 
fibers in the ventral roots of the lumbosacral 
region are medullated fibers of small diameter 
with a distribution peak of 4-6 pS' Their 
physiological properties have been studied by 
several investigators."*'®'' In particular Lek- 
sell® concluded that the effect of the small- 
nerve fibers on the contractile mechanism was 
small or absent and that the fibers influenced 
the afferent discharge from muscle proprio- 
ceptors. 

A systematic investigation was made of the 
function of ventral root nerve fibers to the 
soleus and tenuissimus. By subdividing ven- 
tral roots into fine filaments individual nen'e 
fibers innervating different muscles were ob- 

* Supported by .t grant from the National 
Foundation for Infantile Paralysis, Inc., and by 
the Rockefeller Foundation. 

f Senior rcliow of the National Research 
Council. 

1 Kuffler, S. W., and Gerard, R. W., J. A-eiiro- 
pliysioh, lOIT. 10. 3S3. 

2 Kuftler, S. W., Laporte, V.. and Ransmeier, 
R. E,, J. l<lciirophysiol., 1947, 10, 395. 

3 Tasaki, I., and ilizutani, K., Jap. J. mcd. Sri., 
lOii, 10, 237. 

4 Tas.aki, I., and Tsukagoslii, Jt., Jap. J. mcd. 
Sci., 1944, 10, 245. 

r. Eecles, J. C., and Sherrington, C. S., Froc. Fop. 
Soc.. 1930, lOClJ, 32G. 

Clliiggquist, G.. Ada 3!t'd. Srnnd.. 1940, 104, 8. 

t 0 ’Leary, .1., Hcinbccker, P., and Bishop, G. 
H.. Am- J- Fhpsiol., 1934, 110, 6,30. 

SLekscll, L., Acta pliptid. Scand., 1945, lO, 
suppl. 31, S4 pp. 


tained. The nerve fibers were then stimulated 
singly or together at varying frequencies and 
their effect was determined on the contractile 
and sensory mechanism of the muscles. Nerve 
fibers conducting at speeds faster than SO 
m/sec caused the well known motor unit re- 
sponse, t.c. twitches and propagated muscle 
impulses. Nerve fibers conducting between 
16-50 m/sec. caused no detectable muscle 
shortening and no propagated muscle impulses. 
Calculations of diameters from conduction 
velocities in the small-nerve group showed a 
distribution in agreement with histological 
data (3-8 p, cF). 

The sensory discharges of muscles could be 
detected by recording from the surface of the 
tenuissimus, from nerve branches emerging 
from muscles, or preferably by isolating fila- 
ments of dorsal roots, containing a single ner\’e 
fiber from the muscle under study. The latter 
method gave simple and clear-cut indication 
of the sensor}’ discharge regulation in muscle 
spindles, since a single efferent fiber to a 
muscle spindle could be stimulated and its 
effect recorded in a single sensory fiber. Dif- 
ferent discharge patterns discovered by 
iMatthews® were easily detected and his find- 
ings of Ai, A-- and B discharge types were 
readily confirmed in numerous observations. 

Stimulation of the small ventral root fibers, 
when effective, increased the afferent discharge 
from muscle spindles, dependent upon the ten- 
sion of the muscle and the duration and fre- 
quency of stimulation. The increase could be 
elicited from spindle receptors which showed a 
steady rate of discharge or from receptors 
which showed no resting discharge at a given 
initial tension. The principal feature of the 
small-nerve mechanism is illustrated in Fig. 1, 
which shows that the sensor}- discharge can be 
finely regulated by adjustment of muscle ten- 
sion and by motor e.'vcitation of the spindle in- 
trafusal fibers. In .1, B. and C it is shown that 
the discharge is not directly proportional to the 

Mattliow*--, B. II. 1'.. J. Fh.'i'd'- 
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TABLE I. 

Sfaiihyloeo.-igulaViility of Various Plasmas, at 37®C amt 20°C, Clotting-times witli Prostapli- 
yloeoagulasc; A. iritli, B. witliout, Adttiat Cofactor. 


Plasma 

A. Prostapli. 

-f- cofaetor 

B. Prostapli. 

-f buffer 

37°C 

20*0 

' 37*C 

20*C ' 

B.aWdt 

1!) mill. 

22 min. 

18 min. 

17 min. 

Human 

30 min. 

54 min. 

3G rain. 

54 min. 

(!hicl;en 

No clot* 

Xo clot* 

No clot* 

Xo clot* 

Bat 

M ’ J 

J » 11 

*1 9 1 

? • 9 1 

Guinea pig 

240 min.t 

324 min. 

Xo elott 

323 min. 

Dog 

73 min. 

29 min. 

ISO niiji-i 

28 min. 

Horse 

100 min. 

235 min. 

227 min. 

22S min. 

Bovine 

130 min. 

G60 min. 

6G0 min. 

600 min. 


■* Thrombin added after 24 hr gave solid elot ; no fihrinogcnolysis. 
t Clot not quite solid ; fibrinolysis subsequently. 

{ Thrombin added after 24 hr gave no clot ; fibrinogenolysis. 


II. albumin supernatant from the original 
globulin precipitation; similarly dialyzed and 
concentrated to original plasma volume; 6. 
cofactor (activator) of prostaphylocoagulase 
was human serum albumin prepared as above. 

Factors affecting staphylocoagulation in 
plasmas oj various species. Tests were run at 
20‘’and 37°C, timing the coagulation of 0.5 
ml plasma with 0.25 ml prostaphylocoagu- 
lase + 0.25 ml cofactor; B. 0.25 ml prostaph- 
ylocoagulase -t- 0.25 ml buffer. \Mien no clot- 
ting was evident after 24 hours. 0.25 ml 
thrombin was then added to determine wheth- 
er fibrinogenolysis had occurred incidental to 
the staphylokinase-protease phenomenon. In 
order to determine inhibitory effects directed 
against active staphylocoagulase. prostaphylo- 
coagulase and cofactor were incubated at 37° 
for half an hour before adding the selected 
plasma. Thus, species differences in staphylo- 
coagulation times could be evaluated, at least 
semiquantitatively, with respect to (I) low 
cofactor content; (2) presence of inhibi- 
tors (s); 3. interference by protease, or (4) 
several possible combinations of these factors. 
The initial data are summarized in Table I, 
and their analysis is supplemented by the 
special tests of Tables II and III. 

These e.xperiments indicate; 1. Staphylo- 
coagulation times, under carefully controlled 
test conditions, vary according to species of 
plasma; 2. Several plasma factors contribute 
to these species variations, c.g. (A) Rabbit, 
dog, human, and to a lesser extent horse, 
guinea pig. and bovine, give staphylocoagu- 


lation with the bacterial product alone (the 
citrate precluding any possible thrombic 
mechanism) and must, therefore, contain co- 
factor; (B) additional cofactor reduces the 
coagulation times of horse and bovine plasma, 
but not to the level of the best clotting times 
seen with rabbit plasma. Proteolysis is not 
evident in these species. Hence it is concluded 
that they are relatively lower in cofactor than 
the rabbit and also contain some inhibitor; 
(C) Human plasma gives the same staphylo- 
coagulation times, with or without cofactor, 
and longer than those for rabbit plasma. In 
the absence (in these particular experiments) 
of proteolytic effects, the explanation must 
be in terms of inhibitor(s) : (D) That at 
least part of the inhibitory effects is against 
activ'e staphylocoagulase is proved by the 
method stated. Such inhibitor is very marked 
in chicken and rat plasmas which do not clot 
under any of the test conditions, including the 
addition of preincubated prostaphylocoagulase 
-r cofactor. Since clots occur on the addi- 

T.VBLE II. 

Inllibitory Effects of Various Plnsnin Dilutions; 
0.2.7 m! Added to Jti.vturc*; I ml Filiriiiogen, 0..7 
mi CVjfactor, 0.25 ml I’rostapliyloco.ngulase. 
Clotting-times (min.) at 37 

Pl.asma dilutions 


Spwips • 

1:1 

l.-S 

1 .-,32 

]:12S 1:2.70 


2100 

119 

44 

44 42.5 

Horse* 

318 

02 

02 

40 40 

Guim*.'* pig 

SO 

SO 

04.5 

04.5 41 

* Control (buffer instead 

of p]a5inn) : 40 min. 

sfapliylocoagulation time. 
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17155. Staphylocoagulation in Plasmas of Various Animal Species.* 
Earl B. GerheimI and John H. Ferguson. 

J''roin the Department of Physiotofly, Vniverxity of Kortli Carolina, Chapel Hill. 


Smith and Hale' showed that clotting of 
decalcified plasma by staphylococci takes 
place in two stages, namely, (1) reaction of 
the bacterial product (prostaphylocoagulase-) 
with a cofactor or activator-substance in plas- 
ma to form the active clotting agent (staphyl- 
ocoagulase), which (2) then converts fibrino- 
gen into a fibrin which, according to our own 
observations under the dark-field microscope, 
appears indistinguishable from ordinary' fibrin, 
despite the fact, which we have indubitably' 
confirmed, that the staphydcoagulation phe- 
nomenon can occur in the complete absence of 
the thrombin mechanism.- IVe have previous- 
ly reported-' on the occurrence of cofactor 
(Tager’s-*-"' “coagulase reacting factor”) in 
various blood and tissue products, finding a 
human serum albumin (see reagents) to be 
the most satisfactory source material. 

In earlier literature on the great variability 
of the staphylocoagulation phenomenon in 
plasmas of differing animal species, some sug- 
gestions have been made as to lack of co- 
factor (activator), thermolability of activator 
substance or of staphy'locoagulase, and possi- 
ble combinations of these and other factors. 
For instance, it has been stated' that fowl and 
mouse plasmas completely lack activator sub- 

This work was supported, in part, l>y a re- 
search grant from the Division of Rese.-ireli Grant.s 
and Fellowships of the National Institutes of 
Health, U. S. Public Health Service. 

i Prodoetorate Besearch Fellow, F. .S. Public 
Health .Service. Present address: W.aync Fniver- 
sity College of Medicine, Department of Physiol- 
ogy and Pharmaeologj-, Detroit, Mich. 

i Smith, AV., and Hale, J. H., Brit. J. Eip. 
Path., 1944, at, 101. 

2Gerheim, E. B., Ferguson, J. H., and Travis, 

B. Ij., Fed. Proe., 194S, 7, 41. 

.tGcrheini, E. B., Ferguson, .1. H., and Tr.-ivis, 

B. B., Pkoc. Soc. E.xw. Biol, .ksu AIed., 1947, On, 

''rTager, At., I'ale J. BW. IM., 1948, ao. S99. 

.-.Tager’ M., and Halc.s, H. B., J. Immunol., 
194S, 00, 1. 


Stance, whereas guinea-pig plasma clots at 
20°C but not at 37° oiring to low concentra- 
tion of activator, in consequence of which 
staphy'locoagulase production proceeds at too 
slow a rate to keep pace with thermal deterior- 
ation at the higher temperature (cf. infra). 
Kaplan and Spink" give evidence for a further 
factor, namely, an inhibitor, demonstrable in 
the euglobulin fraction of human and guinea- 
pig plasmas. It is precipitable between 25 and 
40% saturation with ammonium sulfate. 
Tager and Hales-' also suggest that the coagu- 
lase reacting factor may' be bound or masked 
in the plasma of certain species. 

The present study' is an e.A'tension of earlier 
reports--" and describes e.xperiments in w-hich 
the plasmas of a number of animal species 
have been tested with some modified methods 
and fractioned with classical ammonium sul- 
fate procedures in an attempt to e.vplain more 
fully' the reasons for reduction or absence of 
staphylocoagulation in the case of certain 
species. 

Reagents. J. The borate buffer, pH = 7.7. 
used as solvent and diluent throughout, was 
citrated to 0.4% NariCuH.-.Or, 5)4 H^O; 2. a 
1% staphylococcal product, containing both 
prostaphylocoagulase and staphylokinase, was 
prepared as described preriously;-'’ 3. Fibrin- 
ogen was .-Armour’s bovine plasma Fraction-1; 

4, Thrombin (10 units/ml) was diluted com- 
mercial (Parke, Davis) “Thrombin Topical”; 

5. The plasmas of the various species were 
centrifuged in citrate (0.4%) and, for some 
tests, fractioned w-ith ammonium sulfate into 
the classical crude “globulins” and “albumin” 
as follows: I. 50% saturation w-ith (XHD:: 
S 04 precipitated the globulins which, on dial- 
ysis until sulfate-free yielded (a) “euglo- 
bulin” precipitate: dissolved in citrated borate 
buffer to original plasma volume, (b) “pscu- 
doglobulin” supernatant; dialyzed and concen- 
trated in vacuo to original plasma volumc; 

'-.KiiRbin, At. H., im<I B|>bik, AV. AV.. lShio,l. 
it)4S , », e,7:i. 
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pseudogloulin and albumin are devoid of in- 
hibitor, as are the pseudoglobulin of chicken 
and albumin of horse plasma. Confirming our 
earlier work ” the albumins are found to con- 
tain most of the cofactor. Positive results are 
obtained, however, with euglobulin of horse 
and pseudoglobulin of horse and chicken 
(weak) . Negative results are found only with 
guinea-pig pseudoglobulin and chicken eu- 
globulin. Guinea-pig euglobulin could not be 
tested with certainty owing to fibrinogenoly- 
sis. Thrombin interferes with tests on euglob- 
ulin in similar experiments with human and 
some other species of plasma. 

Summary. Marked species variations in the 
staphylocoagulation phenomenon are encoun- 
tered and can be explained in terms of several 
factors. Comparing with rabbit plasma as an 
empirical standard (shortest staphylocoagula- 
tion times encountered), the ability to shorten 
staphylocoagulation time by addition of co- 
factor (human serum albumin) is evidence 
for lesser amounts of cofactor in such plas- 
mas as horse and bovine. Cofactor cannot be 
recovered completely or uniformly in plasma 
fractions obtained with the classical (NHj )2 
S 04 salting procedures. Nevertheless, the 
"albumin" is consistently rich in cofactor (for 
activation of prostaphylocoagulase) and de- 


void of thrombin (which interferes in tests on 
some euglobulins) . 

Excess of inhibitor(s); in part at least 
directed against active staphylocoagulase as 
shown by pre-incubation of prostaphylocoagu- 
lase with cofactor before adding to plasma 
(or plasma dilution fibrinogen) is a feature 
of some plasmas, notably rat and chicken. 
Owing to this, the demonstration of cofactor 
requires plasma fractionation, in these in- 
stances. 

Fibrinogenolytic and possibly other proteo- 
lytic effects ma 3 ' interfere with tests, especial- 
ly at higher (37°C) temperatures, and are ex- 
emplified in guinea-pig and dog plasmas. 

The quantitative evaluation of staphi'lo- 
coagulation times must, therefore, take cog- 
nizance of variability not onW in the two bac- 
terial factors but, even more significanth', in 
the various plasma factors on which the\' 
operate in the systems devised for testing the 
staph\-locoagulation and proteolytic® phe- 
nomena. There are marked species differences 
in these plasma factors. 

e Gorliciin. E. B., (nut Ferguson. ,T. H., Pnoc. 
.Soc. Exp. Biol, axd Med., following parer. 

Bcccivcd May 10, Ifllft. P.S.E.B..M., 1P49, 71. 
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The mechanism of staphylococcal fibrino- 
lysis has been shown recently*" to be anal- 

” This work was supported, in part, by a re- 
seanli grant from the Division of Research Grants 
and Fellowships of the National Institutes of 
Health, F. S. I’liblie Health Service. 

1 Predoctorate Research Fellow, t". S. Public 
Health Service. Present address: Wayne Univer- 
sity College of Medicine, Department of Physiol- 
ogy and I’harmacology. Detroit. Mich. 

tl.aek. C. H.. .Yotarc, 1948. Kll, 559. 

- Gerheim. K. B.. Ferguson. .T. H., Travis. B. L.. 
.Tohnston. C. I,., and Boyles. P. W., Pkoc. Soe. 
K.XP, Biol. .\ni) Mf,i>.. 1948, «8, 240. 


ogous to the mechanism of streptococcal fi- 
brinolj’sis.® namel\% a kinase type of activa- 
tion by the bacterial product, of plasma or 
serum proenzyme (protease precursor) to 
yield the active lytic agent. In an earlier 
study.® of which the present data are an ex- 
tension, the distinction between the bacterial 
factor taking part in proteolysis {staphylokiu- 
asc) and that involved in coagulation (pro- 
Stapliylocoagiilascy was made by means of 

SMilstone, H., .T. Immunol. 1941, 4B. 109. 

r Gorlioim, E. B., .md Ferguson. .1. H., Pnoc. 
Soc. Exp. Biol. ,vkd Med., previmis prijn-r. 
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TABLE III, 

Tests for Inhibitor and Cofactor. 


• 


Inhibitor 


9 

Cofactor 


opSClGS 

plasma 

✓ 

Euglob. 

Pseudoglob. 

Alb.' 

Euglob. 

Pseudoglob. 

Alb! 

Chicken 

+ 

0 

-f 

0 

zt 

+ 

Horse 


+ 

0 

-f 

-f 

-L 

Guinea pig 

(lysis) 

0 

0 

7 

(l.vsis) 

0 

+ 


tion of thrombin after 24 hours, fibrino- Inhibitory effects of various plasmas on 
genolysis is not significant in these cases: (E) staphylocoagulation. In order to investigate 
With guinea-pig plasma; our findings are further the inhibitory phenomena, the special 
staphylocoagulation at 20°C in a time which tests summarized in Table II were performed 
is the same whether or not cofactor is added, on plasmas selected from chicken, horie. 
The last is not a variable, therefore. Neverthe- guinea-pig, i.c. representative, respectively, of 
less, at 37°C, clots obtained in the presence 1. antistaphylocoagulase, 2. inhibitor accom- 
of cofactor are not quite solid and undergo panying lesser amount of cofactor, 3. lesser 
fibrinolysis subsequently. Without cofactor, cofactor with accompanying proteolysis. Tests 
no clot is obtained at 37°C and the 24 hr. were performed at 37 C on mixtures of fibrin- 
test with thrombin is negative, showing that ogen (bovine, 1 ml), cofactor (human albu- 
fibrinogenolysis has occurred. Our e.xperi- min, 0.5 ml), and prostaph 3 ’locoagulase (0.25 
ments are a partial confirmation of those of ml). To this 0.25 ml of various plasma dihi- 
Smith and Hale^ but complete the e.xplanation tions was added. As compared witli a 40 
in terms of interfering effects of proteoli'sis minutes staphylocoagulation time in the con- 
induced 'by the accompanying staphjdokin- trol (buffer instead of plasma), definite in- 
ase'-s factor in the staphylococcal product, hibitory effects were apparent in all cases and 
with no need to postulate any instability of lessened on dilution. The inhibitor is highest 
the staph\-locoagulase. The fact that in guinea- in undiluted chicken plasma. Proteolytic c - 
pig plasma staphylocoagulation is faster at fects did not significantly interfere when 
37° than at 20° confirms Kaplan and Spink,® guinea-pig plasma was tested under these con- 


but these workers’ data are probably more 
significant as to temperature coefficient since 
their staphylococcal product would appear to 
have been deficient in staph 3 dokinase: (F) in 
dog plasma, proteol 3 ''sis, at o7 , is also en- 
countered but the staplndokinase interference 
is less, so that some staphylocoagulation still 
occurs. That the clotting is slower at the high- 
er temperature, in this case, does indicate 
greater interference by the proteob'sis as the 
temperature is raised from 20° to 37°C. More- 
over, it is slower, at 37°C, when cofactor is not 
added. Owing to interference by fibrinogeno- 
Ivsis it can be suggested only tentatively that 
dog plasma has more cofactor than guinea-pigs 
and less than rabbit^A 

B.. Ferguson. .T. 31.. Travis. B L.. 
.Tolu-stou, F. L.. and Boyle.s F. tV., Pnoc. hoc. 
3;.\-!'. Biol, a.vd IIkd., 104S, «8. - '• 
sLael;, C. B-. -Vnlarr, 39-15, <11. oj.. 


ditions. 

Cojactor and inhibitor oj staphylocoagula- 
tion in various plasma jractions : The eiiglob- 
ulin, pseiidoglobulin and albumin fractions of 
the plasmas of the above three species were 
tested: 1. in a repetition ol the foregoing 
demonstration of inhibitor, using onh’ the full 
strength plasma fraction, however; 2. m a 
similar test system but omilting the human al- 
bumin (cofactor) in order to detect the pres- 
ence of cofactor in the various plasma frac- 
tions. The data are given, qualitatively, m 


ible III. . 

We have noted that no fraction yields an 
in'bitor concentration comparable to that of 
e original plasma and, in fact, the total in- 
aition by all fractions does not equal that 
the whole original plasma. Owing to pro- 
)!ysis. it is not possible to be certain of the 
ubitor 3 - effect of guinea-pig euglolmlm. Its 
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vate rabbit plasma -.vith his staphylokinase 
preparations and hence suggested possible 
plasma inhibitors. 

The working out of quantitative methods to 
estimate and distinguish between plasma dif- 
ferences as to enzyme precursor, on the one 
hand, and the possible inhibitors, on the other, 
is beyond the scope of the present communica- 
tion. 

It is, nevertheless, possible to conclude that, 
in addition to individual plasma variations, 
there are wider and more significant species 
variations, clearly illustrated by the data of 
Table I. which, whatever the ultimate cause, 
do represent definite species differences in the 
plasma reactivity of staphylokinase. 

Staphylokinase fibrinolysis in human plas- 
ma Fraction-I was noted in a previous paper. - 
Clearly, staphylokinase and streptokinase can 
only be compared on human plasmas or 
products containing the species reactive pro- 
enzjTue and equivalent in terms of such still 
ill-defined factors as the possible antikinase 
and antiprotease inhibitors. 

Rates of activation of proenzyme by staph- 
ylokinasc and streptokinase. Numerous 
experiments in our laboratory confirm the 
conclusion of previous workers’^ ’- that strep- 
tokinase activates human plasma proenzyme 
•‘almost instantaneously" (Kaplan. 1945). In 
such case, attention is directed away from the 
fact that the events following the addition of 
bacterial kinase to plasma clot systems occur 
in two phases, namely, first the activation of 
proenzyme to lytic agent, and only secondly 
lysis of the substrate (fibrin). Early in our 
studies of staphylokinase the question was 
raised whether this acti%'ator might not differ 
from streptokinase in the rapidity of the first 
phase reaction. The following test system 
was. therefore, devised to permit independent 
following of the progress of the activation of 
proenzyme. Serum (4 ml) was used as a 
fibrinogen-free source of proenzyme and incu- 

1' Kaiilaii, H.. Pnor. Sor. Kxv, Bioc. .vsn 
Mkh.. 104-1, .XT, 40. 

12 ri.r^tcnscn. I,. T.. .and JfarLcod. C. M.. 
■f. Cxin, Phtmiol.. 104.",, 2S, .">."0. 



F:g. 1. 


.Aftivativ.Ti of smim proeinyim' l^y stapliylokivase. 


bated at 37°C with the staphylococcal product 
(1 ml). After suitable incubation periods, 
0.5 ml of the mixture was added to 1 ml pro- 
enzyme-free bovine fibrinogen and immediate- 
ly clotted with 0.5 ml thrombin. Such experi- 
ments were performed on human, rabbit, 
guinea-pig, and dog sera. Typical results 
from sera of the last two species are recorded 
in Fig. 1. It may be seen that the shortest 
l 3 ’sis times (optimal protease activity) re- 
quired an incubation averaging 30-60 minutes. 
In the experiment with dog serum, the lysis 
test after 15 seconds incubation was 33 min- 
utes, but reached an optimal of 4 minutes 
lysis time after incubation for half an hour. 
Thereafter, the lysis times gradually length- 
ened, reaching 36 minutes after 4 hours of 
incubation, obviously denoting instability or 
inactivation of the enz}"me at the 37° tempera- 
ture. The guinea-pig data are less striking 
but qualitatively similar. 

Summary. Fibrinoh'tic tests are described 
which clearl}' demonstrate differences in the 
species reactivitj- of plasmas to the staphylo- 
kinase and streptokinase activation of the pro- 
tease system. Whereas streptokinase acts 
only on human materials, staphylokinase 
works on plasma (or serum) of dog. guinea- 
pig. and rabbit also, but gives negative results 
with bovine and other species tested. Staphjdo- 
kinase differs from streptokinase also in re- 
quiring an incubation period of many minutes 
before reaching optimal activation of the 
serum proenzj-me. 

Kweivi'il May Kt. 11)40. P.S.E.B.M.. 1049, Tl, 
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TABLE I. 


Sfaplij'loeoftal Fibrinolysis and Inliibition by Crystalline Soybean Trypsin-inliibitor, in Plasma 
Clots of Tarious Species. 37°d; pH = 7.7 (borate buffer). 



Species 

I. Staphv’lokinase 

II. .staph, -f- inhibitor 


Dog 

25 mill. 

(iO mill. 


Human 

50 min. 

165 min. 


Guine.a pig 

CO mill. 

225 niin. 


Babbit 

270 min. 

Xo Ivsis (4S hr) 


0.x 

Xo lysis (72 hr) 

Xo Ivsis (72 Iir) 


Horse 

>> 

* * 


.Sheep 

y i 

> y 


Bat 

>y 



Chicken 

y y 



heat Jability experiments. The current study 
concerns (1) species differences in plasma 
factors which react with staphylokinase, (2) 
differences between staphylokinase and strep- 
tokinase (a) in these species plasma reactivi- 
ties and (b) in the rates with which they in- 
duce their respective activation of protease 
precursor. 

Reagents. 1. Plasmas were collected from 
the various animal species by centrifugation 
of blood received into one-tenth volume of 4% 
sodium citrate (hydrated); 2. Thrombin was 
the commercial (Parke, Davis) “Thrombin 
Topical” diluted to lO-lS units/ml; 3. Fi- 
brinogen was Armour’s bovine plasma Frac- 
tion-!, which was proenzyme-free" inasmuch 
as no active protease could be detected after 
treatment with (1) chloroform, (2) bacterial 
kinases, or (3) “fibrinokinase” of Astrup and 
Permin:” 4. The staphylococcal product, con- 
taining both staphylokinase and prostaphylo- 
coagnlase (of no consequence in the presence 
of added thrombin) was prepared in \% solu- 
tion as previously described;' 5. Crystalline 
sov'bean antiprotease (trypsin-inhibitor), cour- 
tesy of Dr. :M. Kunitz,'’ was used in 1:10,000 
solution; 6. Borate buffer, pH = 7.7, was 
used as solvent and diluent throughout. 

Staphylokinase- and strcptokinase-induccd 
fibrinolysis in plasma clots of various species. 


Fersusou, J. H., Travis, B. L., .and GerJioim, 
B., Proc. Sue. Exp. Biol. .v.vd Med., 104", m, 

lAstnil). T., and Perinin, P. M., .Vnfnrp, I04i. 

0, (iSl. , „ , 

Gerheiin, E. B., Ferguson, .L If., ami Travis, 
PRok .Soo. EXP. Biol, and Med., 1047, 


«(t, .'>2 d. 

R Kiinitz, M., J- Gen. 


rhyMoU 3040, 20, 140. 


Confirming earlier workers,” we find strepto- 
kinase to lyse human plasma (fibrin) clots, 
but unable to induce filrrinolysLs in plasma of 
other animal species. 

Staphylokinase is tested in the following 
systems; I. 0.5 ml citrated plasma -f- 0.25 ml 
staphylokinase -j- 0.25 ml buffer -j- 0.25 ml 
thrombin; II. similar mixtures but containing 

0. 25 ml 1:10,000 crystalline soybean antipro- 
tease instead of buffer. The data given in 
Table I are representative of a number of e.\- 
periments. 

Staphylokinase does not show the strict 
species specificity of streptokinase, but does 
fail to lyse plasma clots (Table I) of o.v, 
horse, sheep, rat, and chicken. Fibrino- 
lysis is obtained, however, with dog, human, 
guinea-pig, rabbit. Moreover, the respective 
Ij'sis times are usually in that order both in 

1. and in II. In the latter series, a weak pro- 
tease inhibitor is chosen to bring out its rela- 
tive inhibitory effects and these show a definite 
correspondence with the initial enzyme po- 
tency. Thus, in the case of the weak rabbit 
protease the inhibitor inhibits fibrin-.ly.is fo 
at least 48 hours, whereas its effect is relative- 
ly minor, i.e. 60 min. vs. 25 min., on the lysis 
time in dog plasma tests. 

In repeated tests on a single species, c-.g- 
rabbit plasma, considerable variations in lysis 
time are encountered, despite the use o t le 
same staphylokinase preparation and carefully 
standardized test conditions. It may be re- 
called that Lack'" consistently failed lo 


9 Tillctt, B'. 
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It is apparent that the experimental data 
are not consistent, and do not permit general 
conclusions as to the significance of the spread- 
ing factor in the growth mechanism of malig- 
nant tumors. In the present work we have 
investigated the effect of various testis ex- 
tracts on the growth of a transplanted mouse 
lymphosarcoma. ^Ye have also considered 
the relationship of the principle affecting the 
growth of tumors to the Duran-Reynals 
spreading factor, identified with the enzyme 
h\-aluronidase. 

j\Ialcrial and methods. The e.xpsrimental 
work has been done with mice of the AKm 
stock. The tumor used was derived from the 
9417 strain of lymphatic leukemia, described 
by Burchenal, Lester, Riley and Rhoads.^- 
This leukemia is of spontaneous origin. Ac- 
cording to Willis'“ we have used the term 
“lymphosarcoma” for the localized growth of 
the disease. The tumor was propagated by sub- 
cutaneous implants into the right side of the 
abdomen of the mice. A piece of tumor was 
minced with scissors in physiological saline 
solution, filtered through cotton, and the cell 
suspension diluted to contain 1 million cells 
in O.I ml. 

In the experimental animals 0.1 ml (1 mil- 
lion cells) of the tumor suspension was mixed 
with 0.1 ml of testis extract and inoculated 
at once into the mice. The control animals 
were given 0.1 ml of the suspension of malig- 
nant cells mixed with O.I ml of physiological 
saline solution. In the control animals a 
tumor developed at the site of injection after 
S-12 days. Successively it attained the size 
of 3-4 cm in diameter, infiltrated the abdom- 
inal musculature and peritoneum, became ne- 
crotic, hemorrhagic and finally ulcerated. The 
homolaferal inguinal and axillary lymph nodes 
were aways involved. The disease usually 
spread to the internal organs before the 
animals died on an average of 30 days follow- 
ing the inoculation. 

\Vc have used 3 preparations of testis 
extract from .AKm mice designated “crude 

.T. 11., I.( ster, K. A., Kiloy. J. B., 
anil liliiiaiK. ('. 1'., Cntircr, lOt.S, 1, Sfl.O. 

la Willis. It. .A,, Brit/infiif;!; itf Jurnttur,^. Mo«bv, 
10t«. 


e.xtract”, “granule fraction”, and “supsrnate 
fraction”. All of these represented a con- 
centration of 509 b in relation to the amount 
of testis tissue employed. The “crude extract” 
was prepared by grinding the testis tissue 
with equal amounts of distilled water and cen- 
trifuging once for 20 minutes at 600 x g. The 
resulting supernate constituted the “crude 
e.xtract.” The “granule fractions” were pre- 
pared by grinding testis tissue with equal 
amounts of either distilled water or 30% 
sucrose solution. The homogenates were cen- 
trifuged 3 times for 20 minutes at 600 x g 
and the sediments discarded. The supernates 
were then centrifuged 30 min. at 20,000 ^ OJ 
and the sediments consisting of granules 
staining with Janus Green B, washed once or 
twice in either distilled water or 30% su- 
crose solution. After the final centrifugation 
at 20,000 X g, the sediments were taken up in 
distilled water, and the fractions designated 
“granule, water” and “granule, sucrose”. Be- 
cause of the obseA’ation of Hogeboom, Schnei- 
der and Pallade*'* that the large granules of the 
cytoplasm (mitochondria) were preserved best 
in 30% sucrose solution, we found it.necessarj' 
to compare the activity of the “granules” pre- 
pared in distilled water with those prepared 
in sucrose solution. Since it was not consid- 
ered desirable to use hypertonic sucrose solu- 
tion for injection purposes, we used only dis- 
tilled water for the final suspension. The 
“supernate fraction” represented the super- 
natc from the first high speed centrifugation 
of a “granule fraction” prepared with distilled 
water. This supernate was purified by one 
or two more centrifugations at high speed. 

In preliminary e.xperiments we have in- 
vestigated the content in the testis extracts 
of the factor, supposed to be hi'aluronidase. 


TABT.K I. 

Showing tlie Effects of V.nrious Testis Extr.octs on 
tlie Intr.'idcrni.nl Spre.id of India Ink. 


Kxtnirts 

f?Iire.ading eoeffieient 

f'rudo oxlnu't 

21 

Supfrmjlc fraelicm 

21 

Grannie, water 

.a 

ftmnuh', ‘sucffi«p 

O 

Control 

1 


n Hogchooni. G. H., .Schneider, W. C., and P.al- 
I.adc, G. E., .r. Bio!. Chem.. 1P4S, 172, 01t>. 
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17157. Effect of Testis Extract on Growth of a Transplanted Lyinphosar- 
coma in AKm Mice.*^ 


Kristen Arnesen,! Louise Buxton, and Anna Dean Dulaney.* 
(Introduced by C. P. Rhoads). 

From the Sloan-Kcttcring Institute for Cancer Sescarch, Sctc Fork Cit>i.- 


jMammalian testis extract, as iveil as many 
bacteria, contains a factor which enhances 
the in vivo spread of dj’es, infective organisms 
and toxins. This substance is accepted to be 
identical with the enzyme hj’aluronidase.* 
Since tlie first description of the spreading fac- 
tor by Duran-Reynals,- a number of workers 
have considered the possible relationship be- 
tween this factor and the local and distant 
spread of malignant growths. Such investi- 
gations have sought to determine, 1) the 
actual content of spreading factor in tumors, 
as demonstrated b}* in vivo and in vitro 
methods, and 2) the behaviour of tumor 
transplants under the influence of the factor. 
Duran-Reynals and Stewart-’ demonstrated 
the spreading factor in some human carcin- 
omas, but not in sarcomas. iifcCutcheon and 
Coman-* also offered evidence of the spreading 
factor in human carcinomas. In a series of 
animal tumors Boyland and lilcClean^ found 
a great variation in spreading activity, with 
the highest values in mouse and fowl sarcomas. 
The concentration of spreading factor in tu- 
mors never approached that of normal testis 
tissue. Hakanson and Click® reported an ele- 

* Tliis stiuly v.-is supported by grants from the 
Office of Naval Kesearch and the .Tames Founda- 
tion of New York, Ine. 

t Honorary Fellow of the Aincrican Scandiiia- 
vi.au Foundation. Permanent address; The Insti- 
tute of Pathology, University of Oslo, Norway. 

t Permanent address ; The Institute of P.ath- 
ology, University of Tennessee, Memphis. 

1 Meyer, Karl, Physiot. Jtev., 19i7, 27, 335. 

2 Diir.-in-Ueyunls, F., J. Frp. Med., 1929, 50, 
327. 

3 Duran-Koynals, F., and Stewart, F. TV., Am. J. 
Cancer. 1931, 15, 2790. 

■1 MeCufchcon, M., and Goman, D. I?., Cancer 
Fes., 1947, 7, 379. 

.-.Boyland, E., and McClcan, D., J. Path, and 
Fact., 1935, -11 . 553. 

c Hakanson, E. Y., and Click, D., J. Fat. Cancer 
Inst., 1948, 9, 129. 


vation in the anti-hyaluronidase tiler in sera 
from patients with malignant tumors. This 
increase was more marked in cases of meta- 
static than of non-inetastatic tumors. Cornan, 
hlcCutcheon and Zeidman' gave several in- 
jections of hyaluronidase in or around trans- 
planted mouse Sarcoma 241, and Shape Papil- 
loma, but observed no effect on the growth of 
the tumors. 

When the malignant transplants were com- 
bined with testis extract prior to inoculation, 
Duran-Reynals® found that the growth of 
the Brown-Pearce carcinoma was retarded or 
prevented. In his discussion lie favors the 
e.xplanation that this phenomenon is due to 
the increased cellular and tissue permeability 
brought about b}- the spreading factor. He 
states, however, that this Unitarian interpre- 
tation of the effects of testis extract is not 
positively established. Using a similar tech- 
nic, Prime and Haagensen® could not demon- 
strate an}- effect on a transplanted rat sar- 
coma, a rat carcinoma or a guniea pig sarcoma. 
Hoffman, Parker and IValker'® were able to 
show- that rabbit testis extract enhanced the 
spread of the Chicken Tumor I, while Tan- 
zer*' found that testis extract inhibited the 
growth of mouse Sarcoma 180, but was with- 
out effect on Sarcoma 37 and the B.ashford 
Adenocarcinoma. Tanzer suggests that the 
testis extract may either injure the cells of the 
tumor, or increase the resistance of the in- 
oculated animal, and that the Duran-Reynals 
spreading factor may or may not, be identical 
with the factor acting upon tumors. 

7 Coinan, D. E., JtvCutolioon. M., .-on! Zvidinan. 
I., Cancer 1947. 7, 383. 

■s Uiiran-EvviiaB, F., .7. Fry. .Vnl., 1!*.31. 51, 
493. 

» Primo, F., ;iii(! Haagoii.-vn, C. V., Am. .7. 

1934. 20. (i.W. 

10 iroffiiian, B. C, Parkor, F., and Walker, T., 
,(ni. .7. Path., 19.31. 7, 52.3. 

* 11 Taiizor. K. C.. .7. Frf. Med.. 1932, .I.'., 4.3.3. 
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of the “supernate’’ is 7 times that of the 
“granule fraction”. In contrast the tumor 
influencing activity in the “granule fraction” 
is slightly higher than that of the “supernate 
fraction”. (Table III). These findings indi- 
cate that the “lymphosarcoma factor” is not 
identical with the spreading factor (hyaluroni- 
dase). 


Summary. A factor has been demonstrated 
in testis extract which inhibits the growth of 
a transplanted Ijonphosarcoma in AKm mice. 

This factor is of unknown nature, but ap- 
pears to be different from the Duran-Reynals 
spreading factor. 

Bi'ceivcd MlnHu, WAS. 1049, 71. 


17158. Effects of Urethane on Living Tissue.*^ 

Chester W. Howe and Cesare G. Tedeschi. 

J'rnm the SmithwicJ: Foundation, .Vn.s-srtr/i ii.s-cH.s- ^femori<ll Tlofipituli!, anil the Departmentn of 
SiiriKrii 011(7 Patlwloiip. Bo.iton Universiti/ School of Hfedicinc, nosfoii, M-i-x. 


Ethyl Carbamate (urethane) has been 
shown to be a useful agent in the treatment 
of wound infections.*’- When extensive 
wounds or large areas of intact skin are ex- 
posed to the prolonged application of 10% 
urethane solution- about 20 to 30% of the 
patients treated develop nausea and vomit- 
ing. This suggests that the drug is absorbed 
through open wounds and normal skin sur- 
faces. The nausea and vomiting reported by 
Howe and Weinstein.- and Howe* in urethane 
treated wound infections and by Paterson ct 
al. in leukemia patients receiving the drug 
by mouth" appeared to be benign in nature. 
However, because the treatment of human 
wound infections requires prolonged e.xposure 
to large amounts of this drug, experiments 
were conducted to investigate its effect on the 
organs of animals treated with similar doses. 

.\ group of 10 guinea pigs was given lethal 
amounts of urethane administered inlraperi- 
toneally in rapidly ascending doses over a 
short period of time (Table I. Pi.gs 1-10). 
The gross and histological tissue changes were 
compared with those of a second grouji of 10 

' Tlii'i study u:is tiidod liy tin’ t’ri’sidfiit '.s Hid- 
lou'sliip (if tlrdun I.-nivc’r.sity. 

t lli'Wi'. V\ W., Sitro.. Oi/ncc. anti I94S. 

ST. 

- tluAVf. U. W.. aud Wuiustoiu, I... Snrp ,, dunce . 
Ill'll Oh.'.t.. 1P4T, SI, PIS. 

"fati'rsou. K., Tlinmafi, I. A.. Haddow, A., .and 
Watkiiixiii, .1. M.. I ., inert , 1940. 1, 077. 


animals receiving daily subcutaneous injec- 
tions of urethane in dosages simulating those 
used in the topical treatment of infected 
wounds in man (Table II. Pigs 14-23). Hyp- 
notic effects ranging from drowsiness and 
ataxia to terminal anesthesia were noted. Some 
animals recovered and ate heartily after 8 
hours of complete anesthesia. In the treat- 
ment of a large infected wound a person is 
exposed to a maximum of 60 g of urethane 
per day, although only a fraction of this is 
absorbed due to loss in dressings. The animals 
in Group II received 0.1 g per 100 grams of 
body weight per da\’ for 28 consecutive days 
which is about twice as long as the average 
duration of therap}’’ in 39 urethane treated 
patients.- This is comparable to the maximal 
dosage used in man, and it was given sub- 
cutaneouslj' to insure complete absorption. 
Dosages were corrected weekly for fluctuations 
in weight. Control animals (Table I. Pigs 
11-13; Table II. Pigs 24-26) received cor- 
responding amounts by volume of normal sa- 
line. Diet consisted of Purina chow, lettuce 
and cabbage. .All animals in Group II gained 
weight and at the end of the experiment were 
healthy and had lustrous silky coats. They 
were killed on the 29th day. 

Examination of the organs was made im- 
mediately after death. Sections were fixed in 
5% formaldehyde solution, imbedded in par- 
affin and stained with hematoxylin eosin. 
Brain, striated muscle, myocardium, lungs. 
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Effect of Testis Extract 


Showing the Growth of the Lymphosarcoma 

as Influenced bv 

Tc.st!s E.xtract. 

Inoculum 

Total Xo. 

Xo, with tumor Xo, without tumor 

liYmpliosarcoina -f- testis extr. 

99 

5.') (oa.o'/J) 

44 (44,i)'/f) 

L.vniplios.arcomit -f- physiol, s.'iline 

43 

39 (91%) 

TABLE III. 

Showing the Reiafive Effect of Different Testis Fractions on Grou-tli 

of the Lyiupliosnroouia. 

Inoculated witli 

Ivmphosarcoina -f- 

Total Ho. 

Xo, with tumor 

Xo. without tumor 

Crude extr. 

39 

18 (4G%) 

21 (.54%) 

Granule fraction 

32 

19 (59%.) 

13 (41%) 

Supernate " 

2S 

18 (G4%) 

10 (3G%) 

Physiological saline 

43 

39 (91%) 

4 (9%) 


which affects the spread of India Ink injected 
intradermally. Testis extracts were combined 
with equal amounts of India Ink, diluted 1:5 
with distilled water, and 0.4 ml of the mix- 
tures injected intradermall}' on the shaved 
back of albino rabbits. India ink plus distilled 
water senmd as control. After 24 hours the 
longitudinal (D) and latitudinal (d) e.xtent 
of the spread were measured and the area of 
spreading estimated according to the formula 
D X d 

w The figure representing the 

4 

spread of the extract, divided by that of the 
control, was designated the spreading co- 
efficient. 


Results. Table I shows the spread of the 
India Ink as influenced by the various frac- 
tions of testis extract. 


.As shown in Table I both the “crude ex- 
tract” and the “supernate fraction” gave very 
marked spreading effects. On the other hand 
the “granule fraction” produced a spread of 
India Ink which was small and hardly signifi- 
cant. It is emphasized that the “granules” 
gave the same spread, whether they were pre- 
pared with distilled water or with 30% su- 
crose solution. 

Tables II and III present the effect of 
testis extract on the transplanted lymphosar- 
coma in 99 mice. There were 43 controls. The 
whole group of animals given testis extract 
is presented without regard to the particular 
fractions of the extract in Table ^1, while 


l.'i IPiainiiveitia. .T., Tlinchnit. 


.r., loss. ;f2. 


1.S0G. 


Table III relates the effects of the inividual 
fractions. 

In the control group 9% of the animals do 
not develop tumors, whereas, in the group 
treated with testis e.vtract, 44.5% fail to take 
the transplant. This difference is statistically 
significant. Some of the test animals were 
killed when the controls died. On autopsy 
slightly enlarged subcutaneous lymph nodes 
were found on the same side as the injections. 
The spleens were small, and there were no 
macroscopical signs of metastasis to other in- 
ner organs. Most of the animals, however, 
were allowed to live 2 months or more after 
the inoculation, and appeared to remain in 
good health. 

Table III indicates the relative effect of 
the “granule” and “supernate" fractions of 
testis extract on the growth of the lympho- 
sarcoma. 

The “crude e.vtract” showed slightly greater 
activity than the more purified fractions. In- 
terestingly the “granule” and “supernate” 
fractions seemed to have practically the same 
activity, with a slight difference in favor of 
the “granule fraction". The “granules” 
showed the same effect whether they were 
prepared with 30% sucrose or distilled water. 

If the principle affecting the growth of tliis 
lymphosarcoma was identical with the .spread- 
ing factor (hyaluronidase). we would expect 
to demonstrate a .significant difference between 
the activity of the "granule” and •‘.supernate” 
fractions, a difference comparable to that dem- 
onstrated in the .spreading coefficients (Table 
I). .4$ shown there the spreadin.g coefficiein 
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The tissues at the site of injection revealed 
blood pigment and recently extravasted blood 
cells in the subcutaneous tissues. Independent- 
ly from these hemorrhagic changes, a mesen- 
chjTiial reaction consisting of histiocj'tes and 
lymphocytoid cells was found in a number of 
guinea pigs. 

Microscopic sections of the lungs in two 
control animals showed engorgement of blood 
vessels, mural edema, minimal endothelial 
damage and red cell extravasations. In the 
same two animals there were dilated hepatic 
sinusoids with red cell extravasations and in- 
creased cellularity in the pulp substance of 
the spleen. 



Fig. 1. 

sepm! nu'.soiK'liym.Tl cell infiltration in 
luiifi of a guinea jiig; X 25- 






I uliiinnnry arft’ry and vein Uisplaviufj perivas* 
iTilnr t*dt*ina and mftJOiu’hymal roavtion: X 125. 


Discussion. The changes in Group I animals 
which died from lethal doses of urethane were 
not significantly greater than those in Group 
II which were killed in apparent health, to 
explain the death of the former on a morpho- 
logic basis. It is our opinion that death oc- 
curred through disturance of the respiratory 
mechanism as a result of the central hiymotic 
action of the drug and that the tissue changes 
in Group 11 were compatible with healthy life. 

Vascular dilation and engorgement in the 
lungs, liver and spleen at times accompanied 
b}- mural changes were consistent!}' seen. The 
frequent finding of areas of perivascular edema 
or hemorrhage ulthout evidence of damage 
to vessel walls might indicate a reversibilit}' 
of these mural changes. \'ascular injuiy com- 
parable to the mildest forms seen in the 
urethane treated animals were also observed 
in two of the saline treated control animals. 
.\lthough urethane induced renal damage has 
been reported in specific strains of mice.'*'® 
the glomerular apparatus in our guinea pigs 
remained essentially intact. 

The hepatic changes compare with those 
previously reported by Doljanski and Rosin® 
in a study of urethane treated rats. The cel- 
lular damage consisted mainly of cytoplasmic 
vacuolization, a condition met with under a 
variety of pathological states. This condition 
has been produced by perfusion with 0.6 
NaCl Solution" and Ringer's Solution® and 
vacuolization has been noted as early as 10 
minutes after perfusion started. Raum' con- 
sidered it a reversible phenomenon. 

-V striking reaction of cellular mesenchyma 
was consistently found in both groups of 
animals, most apparent in the lungs and 
spleen. similar proliferation of mesenchy- 


^ Dunu, T. B.. and Larson. C. D., Fah Proc., 
P.irt II. l.GIC. SCO. 

a Kirsclib.min. and Bell. K. T.. Prior. Soc. 
Exr. Biol. JtEO.. 1P47, <!4. 71. 

Doljanski. L., .and Kosin. A., Jin. J. Path., 
1044 , 20 . 04 .'.. 

7 Baum. Arch. f. Fj-p. Path. u. Phanna7:o}., 
1S92. 2!). ,a.>,a. 

■svoii .‘^krciinlik, E.. and Iliimicrman, T.. f. d. 
(ifx. <rp. Mi ll., IfifiO, 11, ."49. 



268 


Urethane Effects on Living Tissue' 


TABLE I. 

■■ ■■ Urethane Intraperitoiicnlh: in Letlml Bo yos. 

Wting Days treated yp. jnj. mnldosc.g 


1 

.1 

24S 

250 

9 

‘ 13 

5 

6 

0.99 

3.32 

3 

4 

5 

0 

316 

207 

269 

S42 

13 

9 

6 

3 

0 

5 

4 

3 

lAr 

1.02 

0.S3 

7 

S21 

3 

3 

f .0 1 

7,S1 

S 

9 

10 

11* 

12* 

13* 

906 

757 

S42 

757 

250 . 

270 

3 

3 

3 

3 

10 

9 

3 

3 

3 

3 

6 

5 

s'.l!) 

G.SO 
7.5S 
O.oSt 
O.llf 
0.09 f 


* Saline treated control. 
} Grams of XaOl. 


Fate 


Died 

n 

Kiilcd 

> j 

DM 
} 1 

TT 

}f 

Killod 

!T 

}! 


TABLE II. 


10% ITretliane Siibeut.aneoiisly. 


Pig No. 

Initial wt, g 

Total 270, d.aily inj. 

Tot,’)) (lose, g 

Fiii.tl n-t, g 

14 

442.0 

28 

33.81 


15 

353.2 

20* 

8.19 

40S.4 

16 

390.7 

20* 

8.46 

.393.4 

17 

344.5 

28 

10.47 

432.1 

18 

412.9 

28 

13.23 

52S.3 

39 

399.0 

28 

32.44 

492.4 

20 

355.5 

28 

10.90 

412.2 

21 

391.2 

28 

32.39 

503.7 

22 

441.5 

28 

13,82 

ouC.C 

23 

274.1 

28 

9.67 

446.5 

24 1 

434.4 

28 

l.lSt 

563.7 

2Si 

392,4 

28 

l.iot 

558.1 

26f 

390.4 

28 

l.ist 

514.1 


* In.icctions omitted .after 20tli cl.aj’ due to development of pncimionia. Aniiii.al recovered, 
t Saline treated control. 
t Grams of N.aCl. 


liver, spleen, pancreas, kidneys, adrenals and 
gonads were examined. 

Findings. Only the significant changes are 
described. In the group ol animals submitted 
to intraperitoneal injections of lethal doses of 
urethane (Group II) there was congestion in 
the lungs, liver and spleen and occastonall}' 
in the kidneys. Vascular changes character- 
ized by endothelial swelling and desquamation, 
mural edema and extravasation of plasma and 
formed blood elements into the surrounding 
tissues were occasionally present. Cytoplas- 
mic vacuolization was observed in the hepatic 
cells and glandular epithelium of the renal 
tubules. A striking h%-perplasia of mesenchy- 
mal cells was noted in the lungs and spleen 
and to a lesser degree in the myocardium md 
liver. Frequent hepatic cell changes consist- 


ing of an increase in fat droplets, cytoplasmic 
swelling and rarefaction were present. The 
central lobular cells in 3 animals^'®’’® dis- 
played loss of cellular outlines. The kidneys 
revealed no glomerular damage. There were 
hemorrhages in the cortex and medulla in 
animals 2 and 9. 

In the animals subjected to sublelhal in- 
jections of urethane over long periods of time 
(Group II), the striking feature was a mes- 
enchymal cell reaction in the lungs and spleen. 
Cytoplasmic vacuolization of the hepatic cells 
was frequently seen. \'asciilar engorgement in 
the lungs, liver and spleen often accompanied 
by mural edema and by escape of plasma and 
formed blood elements were occasional!}' en- 
countered. 

The kidneys shower! no .significant findings. 
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TABLE I. 

Aiitngoiiistie Action of 2-siibstituted-l,3-proi):mpt1iols to tlio Letlial Eft pits of Mptrnzoi 100 nig 
per kg. Jlctrnzol and one of tlip otlipr drugs were given simultanpously by intraperitonoai 

in.i'ection to ivliitp niipc. 


Xn. 

/Ki 

cn..ou _ c _ on 

Kl 

-CHoOII 

Ro 

Mean jiroteetivc dose 
in mg per kg 


1 

iiietlivl 

metlivl 

>250 


O 

ctlivl 

etlivl 

40 


O 

ii-livopyl 

n-jiropyl 

88 


4 

ii-butvl 

n-i)u1vl 

>250 



nu'tlivl 

ethvj 

13.5 


{\ 

} ' 

u-propyl 

70 


7 

' > 

iso-propyl 

ss 


s 

? J 

n-Imtyl 

210 


p 

otlivl 

}so-j»roj>yl 

77 


10 

S j 

etlioxY 

>250 


11 

phenyl 

11 

>250 


12 

etlivl 

120 


13 

phenoxv 

t f 

>250 


14 

lihiMiobarbital 

39 


1,1 

invancsin 

SO 



DEP resembled myanesin in causing trans- 
ient para^-sis of skeletal muscles. The par- 
alysing activity of DEP was, however, of a 
lower order than that of myanesin, the doses 
causing loss of the righting refle.x in 50% 
of mice after intraperitoneal administration 
being 390 mg per kg and ISO mg per kg, re- 
spectively. In small doses not causing paraly- 
sis DEP somewhat increased the spontaneous 
activity of the animals whereas mi'anesin had 
a sedative effect. The acute toxicity of DEP 
was very low. The mean lethal dose in mice 
on intraperitoneal administration was 1400 
mg per kg. Doses as high as 30 mg per kg 
given intravenously to anesthetized cats did 
not affect blood pressure and respiration. 
Similar doses did not alter normal electroen- 
cephalograph ic patterns in cats and did not 
influence spinal refle.xes. On a weight for 
weight basis DEP was as active as phenobar- 
bital in preventing the occurrence of convul- 
sions and deaths from lethal doses of metra- 
z.ol. It was more effective than myanesin, 
phenobarbital or other drugs in antagonizing 
the lethal and convulsant effects of str>’ch- 
nine. 

DEP Was more effective against convulsions 


induced by chemical agents than against those 
induced by electric current. It abolished the 
tonic extensor component of supramaximal 
electroshock seizures in mice and rabbits but 
was in this respect about 6 times weaker than 
phenobarbital. The duration of the effect was 
also much shorter with DEP than with pheno- 
barbital. 

ilyanesin is known to abolish abnormal 
electroencephalographic patterns in cases of 
true petit mal.'‘ Because of the qualitatively 
similar anticonvulsant effect of DEP and 
m\'anesin, the stronger anticonvulsant action 
of DEP may be of value in the treatment of 
petit mal and of other disorders in which 
myanesin has been tried. 

Summary. 2, 2-Diethyl-l. 3-propanediol and 
certain other substituted 1,3-propanediols 
possess qualitatively similar pharmacological 
properties as myanesin. These compounds 
differ from myanesin in having a weaker 
paralysing action and a more powerful anti- 
convulsant action. 

a G.-miiiioii, O. D., .tikI riiurcliill, .T. A., Am. J. 
Mal. Sci.. into, 21T, 143. 

Kvecived M.ay 24, ]ti4n. P.S.E.B.M., 1940, TL 
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mal cells is mentioned by Nettleship ct alP 
in urethane treated mice. Paterson ct al? 
reported fibrosis in the bone marrow, liver and 
spleen of urethane treated leukemia patients 
and the authors have noted e.vcess fibroplasia 
in excised sections of urethane treated wounds. 

It is conceivable that the induction of a 
degree of vascular dilation and excess fibro- 
blastic proliferation would be beneficial in the 
treatment of healing wounds. 

Although the evidence is insufficient to e.x- 
clude a direct action of urethane on liver cells, 
it was productive of comparative^ slight 
hepatic and renal damage even -when given in 

Xettlcsliip, A., Ilciisliinv, 1’. S., .nnrt Meyer, 
II. L., J. Kdt. Cancer Ivxt., lf)43, 4, Sflfl. 


lethal doses. These changes are apparently 
causally dependent upon i-ascular iniurj' 
which is reversible. 

ConcUtsious. (1) Doses of urethane simulat- 
ing those used in the topical treatment of in- 
fected wounds in man are not productive of 
toxic parenchyonal changes in the organs of 
guinea pigs subjected to prolonged daily sub- 
cutaneous injections. The animals remained 
healthy and gained weight. 

(2) A marked mesenchymal cell, reaction 
was consistently seen in the lungs and to a 
lesser extent in the liver and myocardium of 
urethane treated animals. 

Roeoived April ‘M, 194S>. T.S.E.R.it., iniSl, 71. 


17159. Anticonvulsant Action of 2-Substituted-l, 3-Propanediols. 

F. M. Berger.* 

From the Department of Pediatric!}, Vniversit)/ of Pochrstcr .School of hilcdicine and Dnilixtri), 

Rochester, A'. 1'. 


3-(o-Tolo.xy)-l,2-propanediol, called myan- 
esin, possesses two important pharmacological 
properties; it causes transient paralysis of 
skeletal muscles and has an anticonvulsant 
action.^ The pharmacological examination of 
numerous related ethers of glymerol has shoivn 
that there was no simple relationship between 
their paralysing and anticonvulsant activities. 
The observation that nuclear substitution of 
3-phenoxy-l, 2-propanediol markedly affected 
paralysing activity but did not have any in- 
fluence on anticonvulsant action- suggested 
the examination of the anticonvulsant prop- 
erties of 2-substituted-I,3-propanediols.* 

The anticonvulsant action of the compounds 
was determined in male, white mice, weighing 

» Present ;i(I(lress; tV;ilt;n c I.iilior.-itdries, Im-.. 
New Brunswicl:, X. .1. 

1 Berger, F. M., itnd Br.Tdlcy, W., Dnt. J. Phar- 
macol., 1940, .1, 203. 

U Berger, F. M., -f- Pharm. and Frp. Thtrap., 
I94S, DB, 470. 

1 I am »))liged to Mr. W. A. Lott of tl.e Sq„ild) 
Institute for Afodienl Rescareli for supplying me 
uitli some of tliesc compounds. 


18 to 22 g. IMetrazol 100 mg per kg, which 
caused convulsions and deaths in 99^/c of 
the animals, was injected intraperitoneally 
together with graded doses of the compound 
under test. Ten mice were used al each dose 
level. The animals were observed for 90 
minutes following the injection and the in- 
cidence of convulsions and deaths noted. The 
relative efficacy of the substances was evalu- 
ated by finding graphically' the dose protect- 
ing one half of the animals from convulsions 
and deaths. This mean protective dose of 13 
experimental compounds and of phenobarbital 
and myanesin is given in Table I. Several 
of the investigated substances had anticon- 
vulsant properties of a similar order as niyan- 
esin (Xo. 3. 6, 7, 9). Compounds containing 
butyl radicals (Xo. 4 and 8) were inactive. 
When a phenyl or phenoxy group was a sub- 
stituent, activity was decre.ascd or lost (Xo. 
II. 12, 13). 2, 2-Diethyl- 1.3-propanctlio!. 

called DEP, possessed outstanding anticonvul- 
sant properties. .V short description of its 
pharmacological properties appears to im of 
interest. 
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TABLE I. 



Serial Passages of Lansing Strain Virus in 

Hamsters. 



^ 0 . of animals 

No. of animals 




inoculated 


Iiaralvzed 

Inculjation period in daxs 

P.iss.'ige No. 

MDB 

TP 

MDH TP 

MDH 

TF 

1 

4 

4 

2 4 

3,4 

2, 3. 3. 5 

O 

5 

4 

O O 

3, 11 

3,3, IS 

3 

5 

4 

1 2 

3, 

4.4 

4 

y 

4 

4 1 

4. 4. S. 9 

4 

5 

4 

4 

1 2 

S 

5. Hi 

G 

5 

4 

0 1 

— 

G 





Avg 5.7 

Avg .5.1 


TABLE II. 


Comparative Titratiojis. 


Virus 

Titrated in 

LDjo (in %) 

MDII-liamster 

MDH-liainstcrs 

>10.0 

passage vims 

Cotton rats 

5.0 


Mice 

1.G7 

TF-liainster 

TF-liainstcrs 

.G 

passage \nrus 

Cotton rats 

.018 


Mice 

.054 

Mouse-passage 

MDH-hamsters 

5.0 

virus 

TF-liamsters 

.015 


Cotton rats 

.004-.OOOS 


Mice 

.OOIG-.OOOS 

Cotton rat 

MDH-hamsters 

>5.0 

passage virus 

TF-Iiamsters 

.09 


Cotton rats 

.029-.009 


Mice 

.028-.0015 


animal, or of hamster passage virus, resulted 
in lower titers than when mice or cotton rats 
were used, and the lowest titers were obtained 
when hamster passage virus was titrated in 
hamsters. 

Attempts to increase the injectivity of the 
Lansing strain for the golden hamster. At- 
tempts were made to enhance the infectivity 
of the Lansing strain virus for TF-hamsters 
by using as diluent saline buffered at a low 
pH (technique of Hammon and IzumP). In 
one experiment (with cotton rat passage virus) 
the result was better at pH 4, while in 2 other 
e.xperimcnts, for which mouse-passage virus 
was used, better results were obtained at pH 
7.2. 

In 2 other e.xperiments with TF-hamsters 
the technic described by iSIilzer and Bjwd® 

•’ITammnn, \V. McD., and Iznmi, E. M., Pnoc. 
Soc. Ext. Biol, .^.kd Mm, 1941, -18, 579. 

^ r. Miizor, A., and Byrd, C. L., Science, 1947. 105, 
70. 


(autolyzed normal mouse brain tissue as ad- 
juvant) was used. No enhancement of the 
infectivity was obsen’ed. 

Immune response. It seemed interesting to 
investigate the immune response of the golden 
hamster to the Lansing strain virus. For 
this purpose, hamsters were immunized by 
intraperitoneal inoculations of .3 -ml of a 10% 
suspension of live virus. MDH-hamsters 
were immunized with the mouse passage 
virus, while mouse passage, cotton rat passage 
and hamster passage n'rus were used for the 
immunization of 3 separate lots of TF-ham- 
sters. The vaccinations were done twice week- 
ly with a total of 7 vaccinations. In each 
lot, one group of animals was bled 2 weeks 
after the first vaccination, another group after 
3 weeks, and still another group after 4 weeks 
(6 to 10 days after the last vaccination). The 
sera of each group were pooled and are re- 
ferred to as 1st, 2nd and 3rd bleeding, re- 
spectively. The antibody content was deter- 
mined by neutralization tests in mice. 

TF-hamsters vaccinated with TF-hamster 
passage virus showed the weakest immune re- 
sponse with the maximum titer of 1:27. The 
titers of the sera of TF-hamsters vaccinated 
with mouse passage virus were 1:20 in the 
first bleeding, 1:47 in the second and 1:45 in 
the third bleeding. The vaccination of the 
IMDH-hamsters with mouse passage virus gave 
a similar titer in the first bleeding (1:24) and 
a higher titer in the second blowing (better 
than 1:96). There was a drop of the titer 
in the third bleeding. 

The best results were obtained in TF- 
hamsters vaccinated with cotton rat passage 
virus. The titer was 1:17 in the first, better 
than 1:73 in the second, and better than 1:126 
in the third bleedine. 
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17160. The Golden Hamster {Cricetus auratns) as an Experimental Animal 
lor Foliomyehtis Research. 


JIax R. Stebbins and Serge G. Lensen. (Introduced by C. W. Muehlberger.) 
From the Division of Zahoratories, jacMdan Department of Health, Lansinp, HU-h. 


Successful passage of the Lansing strain of 
poliomyelitis virus to the Syrian or golden 
hamster was reported by .Armstrong and Pack- 
chanian.' Plotz, Reagan and Hamilton,” and 
Durand." The purpose of this study was to 
investigate how the golden hamster {Cricetus 
auratus) compares to the white mouse and 
the cotton rat as a laboratory animal for ex- 
perimental work with the Lansing strain virus. 

Material and 'methods. Virus. Suspen- 
sions of spinal cords and medullae of infected 
animals were made up in buffered saline (pH 
7.2- 7.4). Hamster-passage, mouse-passage and 
cotton-rat-passage virus was used. 

Hamsters. Two strains of golden hamsters 
were used, one bred at the Michigan Depart- 
ment of Health (designated here as MDH- 
hamsters), the other obtained from the 
Tumblebrook Farm, Brant Lake, N. Y. (re- 
ferred to as TF-hamsters). 

Comparative titrations and neutralization 
tests. Five S-fold dilutions were used in the 
comparative titrations. The numbers of 
animals for each dilution were: 4 for cotton 
rats and hamsters, and 6 for mice. All the 
neutralization tests were carried out in mice 
using constant amounts of mouse-passage 
virus and decreasing amounts of serum. The 
animals were observed for a period of 30 days 
in all the experiments. 

Titers and inocula. The LD.-i,, titers of 
the virus preparations were calculated by the 
method of Reed and Muench* and expressed 

presented in tliis paper rvere used by 
tlic senior nutbor for a tliosis in partial fulfillment 
of tlie requirements for the Master of Seicnee de- 
gree .at tlic Mieliigau State College. 

1 Arinstrong, C.. and PnrUclr.mian f unpublislnnl 
data, see Vanderbilt Leeturo.s. liUl). 

epiotr.. It., Reagan. R., and Hamilton, H. L„ 
Pucc. Soc. Exp. P.iol. .\xn Mr.n.. lore, r.l, 124. 

.iBuraml, P., Compl. Fend. Soc. Diot.. 194.S. 

l;5!). 71(i. 

4 Reed. L. 4., and Muenrit. II., -I m. .T. nijii.. 
1938, 27. 40.3. 


in terms of dilution of the original tissue ma- 
terial (in fo). 

Experimental. Serial passages. Serial p.as- 
sages were carried out in IMDH-hamsters as 
well as in TF-hamsters. IMouse-passage virus 
was used for the initial passage, followed by 
hamster-to-hamster passages. All the pas- 
sages were done by intracerebral inoculation 
of 10% suspensions of cords and medullae. 

As shown in Table I, the outcome of ham- 
ster-to-hamster passages did not show con- 
siderable differences between the 2 strains of 
hamsters, either in the percentage of takes or 
in the average incubation period. In the 
sixth passage in the MDH-hamsters none of 
the animals developed any symptoms. Xo 
attempt was made to continue the passages in 
TF-hamsters beyond the sixth passage in view 
of the low percentage of takes. 

Comparative virus titrations. The outcome 
of the titrations of mouse passage, cotton-rat 
passage and hamster passage virus in mice, 
cotton rats and hamsters is summarized in 
Table II. The data presented show that the 
mouse passage and the cotton-rat passage 
virus gave extremely low LD,-„ titers in iSIDH- 
hamsters (5% and more), while the same 
virus preparations gave high titers in cotton 
rats and mice (ranging from .028 to .0008% 
dilutions of virus). The MDH-hamster pas- 
sage virus gave extremely low titers in 3IDH- 
hamsters (over 10%) as well as in cotton 
rats (5%) and mice (1.67%). 

Considerably better results were obtained 
with TF-hamsters. Both mouse passage and 
cotton rat passage virus gave good titers in 
TF-hamsters (.015 and .09% respectively). 
The TF-hamster pa.ssage virus gave the low- 
est titer in TF-hamsters (.6Sr). but this titer 
was considerably higher than the correspond- 
ing titer obtained in yiDH-hamster.= (more 
than 10%). The general pattern wa.s, how- 
ever, the same with the 2 strains of hainstcr.s: 
the u.se of the hamster as an e.xnerimenta! 
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TABLE I. 


Serial Passages of Lansing Strain Virus in Hamsters. 



Ho. of animals 

2Co. of animals 




inoculated 


panilv2e(l 


Incubation p 

eriod in davs 

Passage Ho. 

MDH 

TE 

MDH 

TE 

MDH 

TE 

1 

4 

4 

O 

4 

3,4 

2, 3. 3. 5 

O 

o 

4 

O 

3 

3. 11 

3,3. IS 

3 

o 

4 

1 

.*> 

3. 

4.4 

4 

5 

4 

4 

1 

4. 4. S. 9 

4 

5 

4 

4 

i 

O 

S 

.1. Hi 

6 

5 

4 

0 

1 

— 

G 






Avg 5.7 

-Avg 5.1 


TABLE 11. 


Comparative Titratiojis. 


Virus 

Titrated in 

LD-o (in 

MDH-liamster 

MDH-liarasters 

>10.0 

passage rirns 

Cotton rats 

3.0 


Mice 

1.G7 

TE-liamster 

TE-liainsters 

.6 

passage virus 

Cotton rats 

.OIS 


liliee 

.054 

Mouse-passage 

JIDH-haiusters 

5.0 

virus 

TE-lianisters 

.015 


Cotton rats 

.004-.000S 


Mice 

.0016-.000S 

Cotton rat 

JIDH-liamsters 

>5.0 

passage virus 

TE-liamsters 

.09 


Cotton rats 

,029-.009 


Mice 

.02S-.0015 


animal, or of hamster passage virus, resulted 
in lower titers than when mice or cotton rats 
were used, and the lowest titers were obtained 
when hamster passage virus was titrated in 
hamsters. 

Attempts to increase the injectivity of the 
Lansing strain for the golden hamster. At- 
tempts were made to enhance the infecthdty 
of the Lansing strain Aims for TF-hamsters 
b\’ using as diluent saline buffered at a low 
pH (technique of Hammon and IzumP). In 
one experiment (with cotton rat passage xirus) 
the result was better at pH 4, while in 2 other 
e.xperiments, for which mouse-passage xurus 
was used, better results were obtained at pH 
7.2. 

In 2 other experiments with TF-hamsters 
the technic described by !Milzer and Bwd® 

Hammon. 'W. McD., and Izumi, E. M., Peoc. 
Soc. Exr. Biol, .akd Med., 1941, 48, 579. 

Mikcr, A., and Bvrd, C. L.. Science, 1947. 105, 
TO. > . , 


(autolyzed normal mouse brain tissue as ad- 
juvant) was used. Xo enhancement of the 
infectivity was obserx-ed. 

Immune response. It seemed interesting to 
inx-estigate the immune response of the golden 
hamster to the Lansing strain x'irus. For 
this purpose, hamsters were immunized by 
intraperitoneal inoculations of .3 ml of a 10^ 
suspension of lix’e xdrus. MDH-hamsters 
xx'ere immunized with the mouse passage 
X'irus, while mouse passage, cotton rat passage 
and hamster passage xnrus were used for the 
immunization of 3 separate lots of TF-ham- 
sters. The x’accinations were done txxice xveek- 
ly with a total of 7 x’accinations. In each 
lot, one group of animals was bled 2 xveeks 
after the first x'accination, another group after 
3 weeks, and still another group after 4 xx-eeks 
(6 to 10 days after the last x’accination). The 
sera of each group were piooled and are re- 
ferred to as 1st, 2nd and 3rd bleeding, re- 
spectively. The antibody content xx-as deter- 
mined by neutralization tests in mice. 

TF-hamsters x-accinated xxith TF-hamster 
passage virus showed the weakest immune re- 
sponse with the maximum titer of 1:27. The 
titers of the sera of TF-hamsters x-accinated 
xx'ith mouse passage x-irus were 1:20 in the 
first bleeding, 1:47 in the second and 1:45 in 
the third bleeding. The x-accination of the 
iMDH-hamsters xvith mouse passage xirus gave 
a similar titer in the first bleeding (1:24) and 
a higher titer in the second bleeding (better 
than 1:96). There was a drop of the titer 
in the third bleeding. 

The best results were obtained in TF- 
hamsters x’accinated xxdth cotton rat passage 
xdrus. The titer was 1:17 in the first, better 
than 1:73 in the second, and better than 1:126 
in the third bleeding. 
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Pregnanxies and Induction of Ovarian Tujiors bv X-rays 


Discussion. The two strains of golden ham- 
sters used by the authors differ considerably 
in their susceptibility to the Lansing strain 
virus and in the titer of the hamster passage 
virus. One of the strains (IMDH) is clearly 
not suitable for experimental research with the 
Lansing strain virus, and the other (TF) 
which gave considerably more favorable re- 
sults, also is in every respect inferior to both 
the white mouse and the cotton rat. 

The immunization of the hamster with ac- 
tive Lansing strain virus resulted in fairly good 
titers of neutralizing antibody, provided cot- 
ton-rat passage or mouse passage virus was 
used for immunization. In view of the small 
size of the hamster, use of this animal for 
serological work with the Lansing strain virus 
does not seem to present any particular ad- 
vantage. 

Summarv and conclusions. Golden ham- 


sters {Cricetus aural ns) from two different 
sources were found to present marked dif- 
ferences in their susceptibility to the Lansing 
strain of poliomyelitis virus. Both strains were 
found to be markedly inferior to the white 
mouse and to the cotton rat as e-xperimental 
animals for poliomyelitis research. 

The adjustment of the inoculum at a low 
pH did not increase the titer of the hamster 
passage virus consistently. The use of the 
autolyzed normal mouse brain technic did not 
increase the infectivity of the virus for the 
hamster. 

The intraperitoneal inoculations of mouse- 
passage and cotton-rat passage virus resulted 
in higher titers of neutralizing antibody in the 
golden hamster than when hamster passage 
virus was used. 

Jteci'ivcd Muy 4, mO. P.S.E.B.it., 71, 


17161. Relation of Pregnancies to Induction of Ovarian Tumors by X-rays. 

Jacob Furth. 

From ihe Yclcrans Administralian Sospitul ami Sottthtcc.Aent Callct/c, Dallax, Tcj'/'x. 


Two forces are now postulated in the gen- 
esis of ovarian tumors; direct delayed x-ray 
effect and a hormonal “imbalance." Ova are 
highly sensitive to x-rays. Their destruction 
disrupts the norma! development of the ovari- 
an follicles. It is believed that new formation 
of ova occurs in young female mice, therefore, 
it can be assumed that the hormonal imbal- 
ance induced by x-rays in very young mice as 
well as that caused by small doses of ,\--rays 
is slight and under such conditions ovarian 
tumors are less likely to occur. These were 
the thoughts tliat led to the pilot experiments 
here described. 

Irradiatinn oj Mkc at 1-3 Days of .4gc: 
Earlier e.xpsriments have showm that a single 
exposure to S7r or more at 5-10 weeks of age 
will produce tumors in most mice when they 
reach adult age.* 

" I Furth. ,T.. mnl Boon. ('■’ Caiicrr Unrarrh. 
11147 . 7 . 241 . 


In the first experiment reported here, mice 
Avere irradiated with ISOr at 1-3 days of age 
and were reared by their non-irradiated 
mothers and allowed to live until natural 
death or about 20 months of age. -At about 
4-6 Aveeks of age they Avere AA'eaned and a 
feAv Aveeks later mated Avith normal males. 
MTen pregnant they Avere separated, ailoAA'ed 
to nurse their babies after AA-hich they Avere 
returned to the mating cage. Table la indi- 
cates that about 30% of these mice became 
pregnant and some had as many as 4 preg- 
nancies. Ovarian tumors dcA'cloped in 76%. 
One-half of those that Acere pregnant re- 
mained free from ovarian tumors as com- 
pared to S% of those that Avere completely 
sterilized by .x-rays'. HoAA'ever. even niutu'pie 
pregnancies failed to prevent the dcA’eloj?- 
ment of OA'arian tumors. The time of ap- 
pearance of these neoplasms is not signifi- 
cantly shorter than that in mice irradiated at 
4-0 AA'eeks of age.' 



PREGXAXaES AXD IXDUCTIOX OF OvARIAX TUMOES BY X-RAYS 


275 


TABLE la. 


Effect of Irradiation of 1-3-Day-Old Mice (Rf/.Ak) with loOr. 


Length 
of life 
(mo.) 

So, 

in group 

Xo. 

pregnant 

1 

Xo. of 
pregnancies 

2 3 4 


Xeoplasms 


f 

Ovary 

Lung 

5 

Leukemia 

7 

o 

1 

1 






S-13 

0 

O 

O 



»> 

1 


14-lS 

13 

G 

z 

O 

1 

9 

3 

3 

19-23 

39 

9 

3 

o 


3-4 

13 

1 

Total 

59 

IS 

9 

4 

3 2 

4.5 

19 

4 

Cc 


30.5% 




70.3% 

3!.2% 

G.SS'e 


Factors of irradiation were as follows: 140 kv., 5 ni. ann)., 25 cm target skin distance, witli 
;in inticreiit filtration of 1 nim of alumirmin, niaclnno delivering 120r per minute. 


TABLE 11). 
Controls. 


Length 
(if life 
(mo.) 

Xo. in 
group 


Xeoplasms 

Ovary 

Lung 

Leukemia 

7 

1 

0 

0 

0 

S13 

•> 

0 

0 

0 

14-lS 

7 

(1 

1 

0 


2S 

(1 

9 

1 

Total 

3S 

0 

10 

1 

% 



(20.3%) 

(2.0% , • 


A group of 38 closely related mice were 
set aside as controls for the incidence of 
ovarian and other tumors. No pregnancy 
records were kept on these mice but it may 
be assumed that they were fertile. None de- 
veloped ovarian tumors as shown in Table Ib. 

While this slight increase in tlie incidence of 
leukemia and lung tumors in x-rayed mice 
may not be significant, the figures are in 
line with those observed in earlier larger ex- 
periments.-'' 

The brothers of the female mice irradiated 
at 1-3 days of age with 150r were also ob- 
served until natural death or about 20 months 
of age. Only one developed a testicular in- 
terstitial cell tumor. 

Ten .\k mice received 150r at the ad- 
vanced stage of pregnancy. The females 
born 1 to 5 days after irradiation were au- 

-Furtli, .1., .-iiul Fnrili, O. B.. .4m. J. Cniirtr. 
WMk 28. .')4. 

Knjikiii, H. S., Ciiiici r ]iivi nrrli. l!f4T, 7, 141. 

Etrcii?.. h,. Hostun, tV, K., K'schcultrciincr. 
•V. 1!.. .-md Dcringor. M. K.. r.mhohipti, l'.>47. 40 
274. 

•* llctHliaw. 1*. S., llilcy. E. F., :iud Staplclou, 
0. K., 1047, 45). 34!\ 


lopsied at 7 to 15 months of age. X'one had 
grossly detectable ovarian tumors. Three 
examined microscopicallj' have shown changes 
as those seen in x-rayed animals. 

Irradiation of Mice -ufith 2S-200r at S 
Il'cc^s: In these e.xperiments C3H mice ob- 
tained from the L.C. Strong were used. .All 
other stocks of mice tested earlier were highly 
susceptible to the induction of ovarian tumors 
and it was thought that the use of C3H mice 
susceptible to breast cancers might disclose 
additional facts. 

Table II shows that with increase of the 
irradiating dose the number of pregnancies 
is reduced while the ovarian tumor incidence 
is increased. The only figure out of line of 
this statement is the lower percentage of 
ovarian tumors in mice irradiated ivith lOOr. 
Loss from intercurrent disease was high among 
these mice. The overall low tumor inci- 
dence and tlie above irregularity may be due 
in part to poor health and earlj: death of many 
mice. 

.A summarv analysis of all pertinent data 
is in Table III. 

Comments. The data here recorded indicate 
that mice x-ra\'ed at 1-3 days or 5 weeks of 
age can have one or several normal pregnan- 
cies although they are destined to develop 
ovarian tumors at a later age. The data do 
not answer the Ciuesiion which group is more 
liable to develop ovarian tumors, the x-rayed 
sterile or x-rayed fertile group. Should induc- 
tion of ovarian tumors be solely due to a hor- 
monal “imbalance produced by x-ravs. one 
would expect a much lower incidence of ovar- 
ian tumors in mice that go ihroueh normal 
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TABLE II. 

Effect of In-.-idiation of C3H Mice nt 5 IVeeks of Age. 


of life No. in No. of mice liropuincies A'ceplasiiis 

(mo.) gronp pregnant 1 2 3 Ovary Leukemia 


Cl 

7 

S-13 

14-19 

Total 

O 

7 

8 

17 


o 

7 

4 

13 

1 

5 

1 

7 

1 

«> 

1 2 

4 2 

2 

o 

1 

1 

1 

3 

1 

1 

oOr 

9-13 

14-19 

Total 

7 

13 

20 


4 

7 

11 

7 

9 

O 

.> 

4 

4 

O 

O 

1 

1 

lOOr 

7 

1 









s-13 

14-lS 

5 

7 


1 

1 

1 

. 1 


o 

1 



19-23 

Total 

3 

16 


1 

3 

1 

3 


1 . 

3 

1 

n 

1 

200r 

9-13 

14-18 

19-23 

Total 

16 

o 

5 

3G 


3 

o 

5 

1 

1 

o 


4 

2 

4 

10 

1 

1 

>> 

0 

i 

3 


In addition tiie following number of mice bad borderline or “pretnmors'’;C 2 in the 25r; one in the 
oOr; and 4 in the 200r groups. 


TABLE III. 


Induction 

of Ovarian 

Tumors 

by Small Doses and Relation to Pregnancy. 


Mice, stock 

Age at irradiation : 

Dose: 








Rf/Ak 
1-3 days 
loOr 

25r 

oOr 

lOOr 

200r 

2o-200r» 

50.200r* 

4-D weeks' 

S7r 175r 

7o x-rayed developing 
ovarian tumors 

12% 

30% 

19% 

39% 

24% 

31% 

84% 94% 

7C% 

Sterile mice, No. 

No. developing 
ovarian tumors 

4 

9 

13 

21 

47 

43 


41 

*“ 

2 

2 

7 

13 

(27.0%) 

11 

(25.6%) 


3f 

Pregnant mice, No. 

13 

11 

3 

5 

32 

19 


IS 

No. developing 0 

ovarian tumors 

o 

1 

3 

G 

(18.7%) 

G 

(31.G%) 


8 


* Combined. 


pregnancies than in those sterilized by x-rays. 
The immediate hormonal “imbalance” caused 
by small doses of x-rays is slight if any, yet 
the liability of these mice to develop ovarian 
tumors is great. X-rays are powerful muta- 
gens and cause tumors in organs not under 
hormonal control. It seems that neither the 
skin nor the hemopoietic tissues wholly re- 
cover from even minor damage caused by x- 
rays.® The same seems true for the ovary 

Cancer, IPSr, SI, 
85. 

' Eurlior cspcriinent-s cilcd.3 
S Slnne, R. S., Jlnaioio/ty, R>4", 40, 207. 


and it is possible that a diromosomal change 
is a basic factor in the genesis of neoplasm 
induced by x-rays. However subsequent hor- 
monal influences may eventuate or suppress 
the appearance of ovarian neoplasms.* 

Data on the factors of induction of ovarian 
tumors by radiation are meager. It is known 
that they can be induced by very small doses. 
The present e.vperiments show that the amount 
of x-raj’^s required to induce ovarian tumors 
is about 25 to 50r if given in a single dose. 
In the e.\'periments of Lorenz and associates^ 

smrcht 0, 35. 


Bile Replacement in Dogs 
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a single dose of 50r produced tumors in 70% 
of the mice. Daily exposure to 0.1 Ir (from 
radium) with an accumulated total dose of 
90r produced ovarian tumors in about 70% 
of the mice.^ No hematological changes have 
been detected with a daily e.xposure of O.Ir of 
gamma radiation in animals thafsubsequently 
developed ovarian tumors.^® An increase in 
the m-arian tumor incidence in mice exposed 
to single doses of 26n to 90n of fast neutrons 
is on record.'' This is probably much above 
the minimal tumor producing dose. If muta- 
tion is the basis of tumor induction by .x-rays, 
with an increase in dosage an increase in the 
number of tumors should be anticipated. The 
present e.xperiments do not e.xclude this pos- 
sibility in the range of about 25 to 200r while 
earlier experiments in the dose range above 
S7r^ and those of Lorenz and associates^ 
failed to show such a trend. 

The relation of age to tumor induction was 
studied by Kaplan" who irradiated 2 weeks 
to 6 months old mice with 600r administered 
in daily doses of 50r on 1 2 consecutive days. 
The greatest ovarian tumor incidence occurred 
in mice irradiated at 1 month. None was 
noted in 7 mice irradiated at 2 weeks but inter- 
current mortality was high in this group. The 
present studies show that mice are susceptible 
even at 1-3 days of age. 

A follow-up of these pilot e.xperiments is 
desirable. e%’en though each requires about 3 
j ears. The relation of the dose of x-rays and 
age of hosts to the rate of ovarian tumor in- 

i" Jaciib'riii, I.. 0., and Marks. E. K., Hadioloriii. 
1047. in, es(i. 


duction requires a closer check. The hormonal 
state of mice preceding tumor development 
and the incidence of pregnancies and abortions 
should be determined more accurately. The 
histological changes in ovaries following ir- 
radiation ante- and postpartum desen-e further 
consideration, particularly the alleged post- 
natal ovogenesis and the regenerative phase 
which leads to neoplasms. Does irradiation 
induce a chromosomal change and what initi- 
ates and sustains the hormonal imbalance are 
questions to be answered. 

Summary. iVIice e.xposed to 50-200r of 
x-rays can have one or several normal preg- 
nancies and still be liable to the development 
of ovarian tumors in a stock in which this 
neoplasm is practically non-existent. 

Irradiation at 1-3 days of life with 150r 
sterilized only l,/3 of the mice while ovarian 
neoplasms appeared in about 76%. Irradia- 
tion at 1-3 days did not hasten the onset of 
0 %'arian neoplasms as compared to irradiation 
at 4-10 weeks. In both groups the tumors 
developed in middle aged and old mice. The 
growth rate of the tumors was likewise slow, 
hardly interfering with the normal life span 
of these animals. 

It is postulated that a specific delayed x-ray 
effect coupled with a hormonal imbalance pro- 
voked by x-rays leads to the development of 
ovarian tumors. 

These experiments were hepun .it Coriieil I'lii- 
versity ^^edie3l (.’nliege ."inil .'issisteil In' Tlielma 
IVeaver Mold. 

Received Afar IS. llUtl. P.-S.E.B.M.. HO. 71. 


17162. Correction of Steatorrhea in Bile Fistula Dogs by Frequent Return 
of Bile.* 


G. \V. Se-arle and J. H. .^nnegers. 

Xnrthtvr.istcrit rnivi'mitu Itrdica} Cidcmin. Ill 


From the Department of Phnsiolop!/. 

It was previously reported that 3 to 6 g 
daily doses of various bile acid preparations 
mixed with a fatty meal were at best only 

‘ Slippiirti'd ill pnrt Iiy a jrrant frnm G. I). 
Searle X On, Oiicnso. 111. 


partially effective in correcting the steatorrhea 
of bile fistula doas.’ This was attributed to 
one or more of the following possibilities; a, 

1 Hivr..;ijia, ,T. R.. and Anii.'g:i'r.'. .1. If.. Viioc. 
f^oc. Exp. Rioi.. .\NT> Mrn.. 07. 
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a physiologically inactive bile preparation; b, 
an inadequate total dosage; c, improper time 
of administration. In subsequent studies, a 
and b were minimized by returning all of 
animals’ own bile to the intestine instead of 
giving commercial bile preparations. As to 
c, flow of concentrated gallbladder bile into 
the intestine during gastric evacuation and 
digestion of a fatty meal was shown to be 
unnecessary for normal fat absorption, since 
no steatorrhea developed in cholecystecto- 
mized dogs.- The present experiments in- 
volving the return of bile fistula dogs’ bile at 
-different intervals throughout the day were 
designed to determine whether bile must be 
present continuously for normal fat absorp- 
tion. 

Methods. Rous-hlcMaster external bile 
fistula dogs“ were prepared with an additional 
rubber tube for return of bile into the duo- 
denum.'* Beginning 7 to 10 days after opera- 
tion, diets containing 335 g of commercial 
dog food ("Pard”) and 25 g of lard (36 g of 
total fat) were fed once daily. .'Ml meals were 
completely consumed. Total fecal fat excre- 
tion was determined'"' bn S-day stool collec- 
tions when no bile was returned and when 
the animals' own bile was returned. Cholic 
acid in the bile returned during 5-day periods 
was determined® on pooled aliquots. The bile 
collected during 8, 4, or 1-hour intervals was 
introduced into the duodenum at the rate of 
5 cc per minute. 

Results. When no bile was returned, fecal 
fat e.xcretion averaged 25.7 g per day in 6 dogs. 
This value is in agreement with fecal fat excre- 
tion of 27.3 g per day obtained in a previous 
study in 9 cliolecystonephrostomized dogs re- 
ceiving the same diet.' 

Hoi-rsmu. .T. R., .nut .•VniiPKors, .1. U.. I’r.or. 
Syoc. K.xp. Bjou. and Med., 1048. Ot), 14ii. 

SRoiis, 1’., !iii(l McM.istcr, T. P., •!. Ej-p. McU., 
lOsM, 37, 11. 

BoriuDD, A. E., l^tiapp, R., I'U. A. t,, aiul 
Atkiusmi, A. .1., Am. J. Ftnjsiol., 3041, 131, 77li. 

r. Fowweatlier, T. S., nnd Aiuli-rson, tV. X.. 
Hinohcm. J.. 1040, 40, .I.IO. 

« Irvin, .T. L., .Tolin.‘;on, 0. G., and Kniniln. .T., 

J. liiol. Oiriii., 1044. 15.3, 4.'30. 

IHocrsnia, .T. R.. and AniiPgi-r.s. .1. 11., -Im. J. 
Fhp.Aol., 104S, 133, 14.1. 



cholic acid of whole dog bile introduced into tlic 
intestine, 

ft Bile returned everv S hr 

X >> ” >>' 4 M 

y >> )J 1 

The straight line re])resont.s the regvessinu eriua- 
tioii fitted to the filled circles only. 

In 4 dogs bile was returned every S hours 
for 2 to 10 consecutive 5-day periods. The 
daily quantity of bile acid secreted and re- 
turned increased to reach a steady-state level 
by the third period, in agreement with the 
results of Berman ct al.^ The average daily 
quantity of cholic acid secreted and returned 
during the 5-day tests, and the corresponding 
daily e.xcretion of fecal fat are plotted for 
each dog in Fig. 1 (filled circles). .As the 
dose of cholic acid increased, the fecal fat out- 
put decreased in linear fashion; the regression 
equation (correlation coefficient was -O.SS) 
indicated that for each gram increase in cholic 
acid return fecal fat excretion decreased by 
1.17 g. However, at the steady-state level of 
cholic acid secretion and return (6 to S gf 
day), the defect in the fat absorption was 
only about 50% corrected. Extrapolation of 
the regression line implied that 20 g of cholic 
acid per day would be required for normal 
fat absoq>tion when the bile is returned every 
S hours. This amount greatly exceeds the 
steady-state output obtained in this and a 
previous .study .■* and hence indicate-s (hat a 
lime factor as well as a dose factor mu.st tje 
concerned. 
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Accordingly, bile was returned every hour 
in 3 dogs for 6 days. Fat absorption during 
the last 5 days was wathin norma! limits' in 
one dog and considerably improved in the 
others. Since the plotted points (open circles) 
are well below the regression line in Fig. I, 
the improvement appeared to be due largely 
to the continuous presence of bile, and not to 
the increased quantity of cholic acid secreted 
and returned. To check this point further, 
bile was returned every 4 hours in the same 3 
dogs. The quantity of cholic acid returned 
did not change, but fecal fat e.xcretion in- 
creased so that the plotted %'a!ues (crosses) 
fell near the original regression line. 

Finally, fecal fat excretion was measured in 
3 dogs after cessation of bile return, in order 
to determine the rapidity with which the fat 
absorptive defect develops when bile is ex- 
cluded. From the third through the seventh 
day after bile return was stopped the fecal 
fat excretion averaged 17.8 g per day; from 
the eighth through the thirteenth day, 22.0 g 
per day. The former value is significantly 
less, by group comparison analysis.'*" than the 
mean fecal fat excretion obtained in the pres- 
ent and previous' study during 5-day periods 
begun 10 days or more after the operation. 
The results indicate that impaired fat absorp- 
tion develops rapidly when the bile is first 
e.xcluded, then more slowly to a maximum 
after about 7 days. The presence of bile 
acids in the scraped intestinal mucosa of dogs 
24 hours, but not 1 month after bile e.xclu- 
sion,-' suggests a possible reason for the de- 

^SiicdotM!, G. AV., Slalixlirat Mcthoil.c. Iona 
Slate l’-'!epe I’ri'ss, intli. 


lay in development noted. 

Discussion. The present results demon- 
strate that previous failure to correct steator- 
rhea in bile fistula dogs by feeding them whole 
ox-bile containing 6 g of cholic acid with the 
single daily meal rvas probably due to the 
failure of this procedure to provide ade- 
quate amounts of the bile in the intestine over 
the period required to complete fat absorption. 
.Although continuous hourly administration 
of bile was employed successfully in this stud\’ 
to restore normal fat absorption, this dees 
not imply that hourly return must be con- 
tinued throughout a 24-hour day to complete 
the absorption of a single daily fat meal. 
However, the establishment of the fact that 
bile must be present in the intestine continu- 
ously for at least most of the day now makes 
it possible to investigate further the bile com- 
ponent(s) and dosages necessary for normal 
fat absorption, and to assay bile replacement 
measures. 

Summary. The steatorrhea of 3 bile fistula 
dogs given a fatty meal once daily was nearly 
completely corrected when the animals' own 
bile was returned to the duodenum every hour. 
The steatorrhea persisted, however, when bile 
was returned every 4 or 8 hours. Since the 
total quantity of cholic acid returned during 
the I- and 4-hour regimes was the same, the 
importance of continuous presence, apart from 
total daily quantity present, in the intestine 
is demonstrated. 

A'erzar, F., and A’oii Kutliy, liitichi m. 
JS31. 2.'50, iol. 

Roi-eivi-d May lii. 1949. P.S.K.B.M.. 1949, 71. 


17163. Observations on Experimental Dental Caries. XI. Influence of 
Pregnancy. 

Ho.mberto Granados, J. Glavind, and Henrik Dam. 

From Ihr Deportment of Diolopii, Poh/lecliiiie /ictfitntc. ( opciihor/en. Deiimorl:. 

The results of the clinical investigations on lar idea that pregnancy increases the sus- 
the relationship between pregnancy and dental ceptibility to dental caries. Da\'.^ for example, 

caries have been contradictory. However, — 

most of the controlled studies made in the i Day. c. n. M., tmtion .r. jm. UMarrh. 1947. 
last years negate the validity of the old popu- a.-i. loi. 
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in a recent study carried out with a large 
number of subjects who had gone through 
various numbers of pregnancies,, and who were 
divided into several age groups, found no 
significant differences which could support the 
statement of a relationship between pregnancy 
and dental caries incidence. Furthermore, Zis- 
kin and Hotelling,- also in clinical studies, 
found evidence to show that pregnancy not 
only does not increase dental caries but that 
factors operating during pregnancy actually 
prevent tooth decay to a significant degree. 

In hamsters, we^ found that pregnancy and 
lactation do not influence caries activity in 
any direction. Considering Ziskin and Ho- 
telling’s findings, ive have studied in the pres- 
ent experiment the influence of pregnancj' 
alone, in order to test the possibility that a 
significant decrease of dental caries activity 
brought about by pregnancy alone, might be 
annulled by a harmful effect of lactation. 

Experimental. Thirty female hamsters, 23 
days old, from litters of a colony maintained 
on Purina Laboratory Chow* and raw milk, 
were littermate distributed into two groups 
as follows: Group I, 1 7 females, and Group II, 
13 females. Both groups were reared for 100 
days on the following diet of sub-optimal nu- 
tritional value; finel 3 ' ground j-eilow corn 
25%, sucrose 25%, corn starch 20%, pow- 
dered whole milk 22%, ether-extracted yeast 
5%, alfalfa meal 2%, salt mixturet 1%, and 

d, l-a-tocopherol acetate 0.010%. The ration 
and tap water were available ad libitum. 

Both groups were kept during the first 56 

e. xperimental days in screen bottom cages 
without bedding. At this time the 2 groups 
were transferred to breeding cages containing 
sawdust on the bottom, and excelsior for bed- 
ding; thereafter 9 sexually mature males 
kept on the stock colony diet were mated for 
13 days with the 17 females of Group I. 

2 Ziskin, D. E., and IlotoUing, H.. J. D. lies., 
Itl37, 10, 507. 

SGraimdos, H., Glavind. J.. .and D.am, H., 
Odoiitoloffish TirUlrift, lOlS, 50, 3SS. 

* From Enlston Purina Co,. St. Louis, Mo. 

f Tlie salt mi.xturc used ivas McCollum ’s Salt 
Mixture Xo. 185, supplemented nitli 13..5 nip KI, 
l.a.f» mg CuSO^, sn^O, and 55G mg MnSOj, 
per 100 g. 


TABLE I. 

Caries Activity in the Two Groups. 


Group I 

Group II 

(pregnant) 

(nonureenaat) 

149 9 

13 5 5 

% of animals affected 100 

100 

Avg Xo. of c.arious molars S.O 

S.O 

A.\g Xo. of carious lesions 11.5 

lO.S 

Avg caries scores 0.0 

ti.-J . 


Every litterborn from Group I was removed 
from the mother within 6 hours after parturi- 
tion. Both groups remained in the breeding 
cages until the end' of the experiment. 

On completion of the 100 daj' experimental 
period the animals were sacrificed and autop- 
sied. The molars were prepared for e.vamina- 
tion in the usual way,"* and the carious lesions 
were recorded and scored.^ 

Results. In group I out of the 17 mated 
females 2 died during labor, and one had 
sterile mating. Therefore, only 14 females, 
those who had normal parturitions, finely 
formed Group I. 

Table I shows the caries activity of the 
two groups. It is apparent that essentially the 
same incidence and extent of carious lesions 
were found in both groups. Therefore, under 
the conditions of this e.xperiment, pregnancy 
did not influence in any direction the caries 
activity'. Thus can be stated that neither 
pregnancy and lactation," nor pregnancy 
alone influence in any' direction the caries 
susceptibility of the Syrian hamster. These 
experimental findings agree with the results 
of most of the controlled clinical studies car- 
ried out in the last years* on this subject. 

It is generally recognized that pregnancy 
and lactation are physiological states of in- 
creased nutritional stress for the mother, 
since she has to face the double task of sup- 
plying proper amounts of nutrients necessary 
for the offspring as well as her own metab- 
olism. Certain workers'* have stated that 
the increased caries activity during preg- 
nancy reported by them has been due m 

4 Graimdo!*, IL, Glavind, L, .md P.am, If.. .trOi 
Vtiihol. ct Mii'inhinl. Sconiliiutv., 1P4S. S-t. 

Keyes. F. K.. .1. I?. /•*«.. 1P44. 4:',;k 

e-Wold. M. G., Pietotkerapy, Ciinn-.-il .ijiybru- 
tidii of modern nufrifion, W. )!. .'-Mindi-rs ( «., 
I’liil.-ideljdiia, lPd.5. ]>. 'i4a. 
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quantitative and/or qualitative deficiencies 
in the diet. In our previous experiment on 
the influence of pregnanci' and lactation^ on 
caries activity, as well as in the present study, 
we used a sub-optimal diet in order to 
sharpen the nutritional deficiency of the group 
undergoing pregnancj', and thus obtain sharper 
differences of caries activity between the two 
groups in case of any relationship between 
dietary deficiencies and dental caries. 

However, as it can be seen from the data 
presented, neither pregnancy and lactation^ 
nor pregnancy alone influenced caries activity 


in any direction. These facts are in open 
contradiction with the alleged increase of 
caries activity as a consequence of dietary de- 
ficiencies during pregnancy. 

Sumvtary. The influence of pregnancy 
on caries activity has been studied in ham- 
sters reared from weaning for 100 days on a 
sub-optimal diet, with their respective litter- 
mate controls. The results show that preg- 
nancy does not influence caries activity in 
any direction. 

Koceivcd May -JH, 1049. P.S.E.B.M., 1049. 71. 


17164. Evidence for a Steroid Compound in Cane Juice Possessing Anti- 
stiffness Activity. 


L. E. Ross,* W. J. VAN Wagtendonk, and R. Wclzen. 

I'rom the Departments of Zoolofiy, ImUaM Vnivcrsity, Bloomiiipfon, Iiui.. (iii<? Orcpon State 

Collepe, Corvallis. 


The isolation from crude cane molasses and 
crude unheated cane juice of a fraction capa- 
ble of alleviating an induced wrist stiffness 
in guinea pigs raised on a skim milk diet, was 
described by van Wagtendonk and Wulzen.^ 
Later investigations by Oleson, ct al.,^ and 
Petering and coworkers^ indicate that ergo- 
stany! acetate and a-ergostan}-! acetate are 
effective curative agents. We are therefore 
prompted to report that an active fraction of. 
steroid nature has been isolated from the 
original cane juice fraction, and in our assay 
methods has proved to be a curative agent in 
dosages of at least 0.01 ■/. 

Experimental. .4 product obtained from the 
cane juice and melting at 81-S2°‘ did not 
prove to be homogeneous when subjected to 
carbon-hydrogen anah'ses. It was therefore 
subjected to various procedures for further 

‘ ,\rgomie Xatiniiai I.abor.a- 

tor.v, Oiu'ago, 111, 

1 van tVngtendonk. IV. J., amt IVuIzon. 1?., 
J. Hull. Chnn.. 194G, 104 . o97. 

■- ,T. ,T.. van Donk. E. C.. Bcrii.«tcin. ^.. 

l>orfm:iii, 1... unit Sublmrow. Y., ,J. Biol. Chi'm., 
1947 ITl. 1. 

IVli'rijig. H. G., .'StHMii'r/Ii'M. L„ nnct Dclnr. 
1!. .1., .In-Ji. Jliuchnn.. 394h, J8, 4S7. 


purification. Chromatic adsorption on col- 
umns of magnesium oxide or activated alum- 
ina failed to yield pure and homogeneous 
products. Repeated recrystallization from al- 
cohol, followed by recrj'stallizations from ace- 
tone and cyclohexane yielded a compound 
melting at 164-166° tliat was homogeneous 
according to the carbon and hydrogen analy- 
ses and highly active in curing the induced 
stiffness in deficient guinea pigs. 

a. .Activity tests. The assay for activity 
was carried out according to the previously 
described methods.'-^ The compound was 
dissolved in Wesson oil and administered 
orally to guinea pigs that had been kept on 
the deficient regime of skim milk powder to 
which the necessary vitamins and minerals had 

TABLE I. 


Tlu'r.'ijieutiv To<t of High Molting Compomict 
I'arrietl Out on Guinoa X’lgs on Skim Milk E.wion. 


I.t'Yel of 

in y (5 tinio-* > Xo. of animal® 

(’iireil 

Xo cure 

1 3 


0 

iKfil 27 

23 

4 

* v.-in IVogtoixionk. IV. .1., oud Wuhon. 

E.. .troll. 
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TABLE IT. 

Carbon mid Hydrogen Analyses of tlie High IMcltiiig Coniiioiiiifl. 


Compound 


C 

C 


ir 

H 


G ir 


-Calculated for: 
C II 


High melting 

84.35 

11.73” 


84.50 

11.01* 


83.43 

11.381 

High melting recovered from 



digitonin ppt. 

84.03 

11.55* 


t'sfiH.'iiC 
C II 


-^'^g SLOG 11,57 84.31 13.53 S4.35 11.G3 S4.44 31..''’1 

’ Analyses by Dr. A. .1. Ilaagen Smit, California Institute of Teclinologv^ ~~~ 
t Analyses by Dr. ll. L. Hunter; Eli Lilly and Company. 


been added.’’ The results of the assai’ of the 
high melting compound (164-166°) are re- 
ported in Table I. 

b. Chemical properties. The high melting 
compound gave a strong positive Lieberraann- 
Burchard reaction. The compound could be 
precipitated with digitonin, and the original 
compound could be recovered from the digi- 
tonin precipitate by digestion tvith pyridine. 
The compound and its acetate showed an 
ultraviolet absorption spectrum (Fig. 1) with 
an inflection at 262-265 mu, and maxima at 
272, 283, and 295.5 mu. The values of the 
extinction coefficient at the maxima ivere, for 
the high melting compound, respectively, 74.5, 
77.1, and 45.5, and, for the acetate, respec- 
tivelj’ 35.6, 36.9, and 21.0. The carbon and 
hydrogen analyses of the high melting com- 
pound and of the product reisolated from the 
digitonin precipitation are given in Table II. 

The acetate ivas prepared by refluxing 200 
mg of the high melting compound for 30 
minutes with 10 ml of acetic anhydride. The 
mixture was cooled and filtered. The crystals 
were washed, dried and recrystallized twice 
from 95% ethanol. The yield was 185 mg 


of colorless leaflets, melting at 141-143°, and 
having the following anah'sis: 


Pound ; 

C: 83.55 

11: 11.02 


83,07 

11.48 


.S1.G3 

11.03 


Avg 82.35 

11.18 

Calculated for: 

GaoHjsO., 81.70 

10.98 


C-joIL.oO.. 81.94 

11.18 


The acetate was saponified according to 
Sandquist and Gorton*’ with the results shomi 
in Table III. The high melting compound 
was hydrogenated with platinum oxide as 
catalyst and acetic acid as solvent with the 
results reported in Table IV. 


TABLE 111. 

Equiviilcnt IVciglif Dotpnniiuitinn of tlii' Hipl' 
Melting Cdiiipoiiiul. 


IVcight sani 
mg 

iple. 

ml HCI, 0.100 N 

Equivalent weight 

40.5 


1.10 

447.2 

03.3 


1.39 

455.4 

55.2 


1.24 

445.2 

Avg 



449.3 

C:ileulated 

for: 

C-,nlL|;Oo 

420.0 



GaoH^f^O,. 

440.09 



C:;jH.-,eOo 

408.74 


TABLE IV. 

H.vdrtigeuation of High ^leltiug Compounil. 


Conipouiul 

Cholesterol high 
melting eompound 


atalyst, 

S:imple, 

IL taken up, 

mg 

mg 

nd 

3.025 

11.711 

0.084 

.3.011 

lO.flSS 

1.190 

3.2CS 

11.887 

1.301 

2.878 

14.873 

1.029 


Time of hydr. 

.30 min. 
e.l min. 

44 niin. 

10 lir 


Moles of H 
per mote 
compound 


1.00 

1.0.3 

l.SO 

1.03 


" .'.van Wi^t^mh, D. .1.. nnd Wulzen, I?., Arch. 
lo5, 337. 


« Sandquist, IL, and Gorton, X, AVr,. 1030. fUtn, 
193.3. 


MOLAR EXTINCTION COEffWIENT 


Vesicle axd Spinal Fluids from Case of Herpes Zoster 


2S3 



Fig. 1. 

Ultrnviok't. »iIsorj)tion of tlic liiglv molting com- 
pound (curve A) nnd its acetuto (curve B). 


The acetate was hydrogenated in the same 
manner. The product of the hydrogenation 
was recovered from the solution and recrj-stal- 
lized once from 95% ethanol. The compound 
melted at 130.5-132.0° and had the following 
composition; 


Found: 

C: 

; S0..52 

H: 12.02 



80.71 

12.03 


Avg 

80.62 

12.02 

Calcul.itcd for; 

C-juIEcO. 

80.87 

11.70 



81.05 

11.80 



81.-19 

11.94 


Summary. A compound of steroid nature, 
having the probable formula of CogH^cO, has 
been isolated from cane juice. This compound 
has therapeutic activity in alleviating an in- 
duced stiffness in guinea pigs. It has not 
been possible to further elucidate the struc- 
ture of this compound, since not enough ma- 
terial was available at the time the project 
had to be discontinued, due to circumstances 
beyond control of the two senior authors. The 
isolations, however, tend to confirm the find- 
ings by Oleson cf al. and Petering ct al., in 
that the antistiffness factor is steroid in nature. 

Reccivctl May 20, 194.0. P.V.E.B!SLri94n, 71. 


17165. Electron Microscope Studies of the Vesicle and Spinal Fluids from 
a Case of Herpes Zoster.*^ 


.•Alfred S. Evans’ and Joseph L. Melnick. (Introduced by F. G. Blake.) 
(With the technical assistance of Ruth Peabodj'.) 

From Srciion of Prcvrniivc .Medicine, Talc Untfrr.siti; School of Medicine, Xew Uoven. Conn. 


The pathogenesis of herpes zoster has not 
been resolved. Even though recent work has 
suggested that the virus may multiply in the 
skin, the part played by the central nerv'ous 
system in this infection is not clear. Like 
the virus of varicella, with which it is either 
closely related or identical, the virus of herpes 

* .Viilcd Ly a grant from the Mcrlical Fluid Me- 
i-e.-irch Fund of the Yale Fniversity School of 
Medicine. 

1 National Institutes of Health Postdoctorate 
Itosearch Fellow. 

Appreciation is expressed to Dr. ,Tolm Craig for 
aid in ohtainiiig specimens. 


zoster cannot readily' be passed to laboratory 
animals, making work difficult in this disease. 
However, elementary bodies of varicella and 
herpes zoster have been described as occurring 
in vesicular fluids when such fluids have been 
examined in the optical microscope.’"^ These 
bodies have been characterized more fully in 
the electron microscope by Ruska.^ by Rake 

1 Paschen, K., f/i/.o. lliind.tehoir. IPIP. 2t), 2C9. 
.U.I. 

- -Aimes, C. I?., Lonect. 1933, 224. lOl.I. 

•■‘v.in Rooyen, C. E.. and Illingsworth. R. S., 
Brit. Mrd. .1.. 1944, 2. .S2(I. 

Ruska, H.. Seieniin. 1943, .IT, Ifi. 
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and his coworkers,^’'^ and bj' Farrant and 
O’Connor." We have been able to confirm 
these findings in regard to finding elementary 
bodies in the vesicular fluids of varicella and 
of herpes zoster, and in addition have demon- 
strated particles of similar size in the cerebro- 
spinal fluid of a patient with herpes zoster. 
The purpose of this paper is to present these 
findings and to compare the particles with 
those found in the vesicular fluid from a case 
of herpes simple.x. 

Case report. The patient studied was a 28- 
year-oid post-graduate student who was ad- 
mitted to the New Haven Hospital on^De- 
cember 14, 1948 with complaints of frontal 
headache of 10 days duration becoming more 
severe in the last 5 days, and of fever of 3 
days duration. He had not noted chest pain 
or a skin rash. Previous hospital records dis- 
closed that he had been under investigation 
for an unexplained splenomegaly and hyper- 
globulinemia since 1944. Physical e.xamina- 
tion, including a neurological evaluation, was 
not remarkable e,\'cept for a group of early 
vesicles on an erythematous base which ex- 
tended from the 9th and 10th thoracic verte- 
bra posterialh' nearly to the mid-line anteri- 
orally on the left side over the 6th and 7th 
ribs, and a spleen that was palpable 2 cm 
below the costal margin. There was no hjper- 
aesthesia over the affected skin areas. Labora- 
tory work on the day of admission revealed a 
normal white, red, and differential count. A 
lumbar puncture done on the following day 
yielded clear fluid with the following charac- 
teristics: leucocyte count 145 per emm, all of 
which were mononuclear, protein 156 mg%, 
Wassermann negative and bacterial culture 
negative. Initial pressure was 170 mm of 
water, final pressure, 120. second spinal 
puncture on the next day revealed an increase 
in cell count to 225. which were predominantly 
lymphocN'tes. The patient remained asympto- 

5 Xuglet, F. P. 0.. .'met Rakf, G., •/. J!nrt., 1S)4S, 
55. 45. 

G., Blank, JL , Coiicll, L. L., Xagler, 
F. B. 0., .^^Kl Scoff, T. F. V., TtocC, 1048. 50, 
293 . 

TF.-irrant, J. L., nml 0 ’Connor, J. L., ^atu^e. 
1949, 1«;5. 


matic except for headache, but had daily 
fever up to 102°F for 4 days. Convalescence 
was uneventful. 

Materials and methods. For the electron 
microscope preparations, vesicle fluid from 
the patient was obtained with a tuberculin 
syringe on the day following admission. It 
was collected in 0.5 ml of saline, and after a 
clearing centrifugation at 2000 r.p.m. for 20 
minutes was spun at 18,000 r.p.m. for 50 
minutes in a cooled rotor, 6 inches in diameter. 
The sediment was resuspended in 0.2 ml of 
distilled water. Two samples of cerebro- 
spinal fluid of this patient in amounts of 2 and 
S ml were handled in a similar fashion as 
were the samples of vesicular fluid from cases 
of varicella. The specimen of herpes simple.x 
fluid shown was obtained from a lesion on the 
upper lip of a patient with a respiratory in- 
fection. It was collected in 0.2 ml of saline 
and examined without centrifugation. Spinal 
fluid from 20 patients with various ailments 
(tuberculous meningitis, poliomyelitis, and 
noninfectious neurological disorders) were 
e.xamined, 15 without centrifugation and 5 
after centrifugation as above. 

Small drops of the samples were placed on 
collodion covered 200-mesh stainless steel grids 
and allowed to dry. They were then shadow- 
cast m’th chromium at an angle of 1 to 7, and 
examined in a RCA electron microscope, type 
EMU. The magnification was calibrated by 
photographing a silica replica of a diffraction 
grating (15.000 lines per indi) and by the 
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use of latex balls of 259 mu diameter as de- 
scribed by Williams and Backus.® 

Results. Fig. 1 illustrates typical bodies 
found in the vesicular fluid of the patient tvith 
herpes zoster and Fig. 2 those found in his 
spinal fluid. .As seen from the frequency dis- 



DIAMETER — m/j. 

Flfi. S, 

1- (Vistriliiition of ]i:irticles seen in tlie 
vosii'nlnr jiinl s|iin.'i1 iinitls (if .'i e.'isc of lienees 
zoster. 

t- tVilli.oms, IJ. c.. liin-lins, R. cTT’lTZipp. 

fVii/s.. IPfS, J!>. IIP. 


tribution of particles of varying diameters in 
Fig. 3, there is no significant difference be- 
tween the average diameter of the elementary 
bodies found in either fluid, being 230 m^ 
for those in the vesicular fluid and 224 m/i 
for those in the spinal fluid. 

Xo bodies of this sort were seen in any of 
the spinal fluids e.xamined from patients with 
other diseases. 

Fig. 4 illustrates elementary bodies obtained 
from vesicles of a patient with chicken pox, 
the average diameters of the particles being 
244 niji (range 200-2S0). The diameters of 
particles from 2 other patients with varicella 
averaged 250 m/i (range 190-320) and 225 
mp (range 180-250). The overall average of 
the particles from these 3 patients was 245 
m/t. 

Fig. 5 is a micrograph of elementary bodies 
from vesicle fluid of a patient with herpes sim- 
plex showing elementary bodies having an 
average diameter of 213 mp (range 200-220). 

It is difficult from any of our photographs 
to speak of brick-shaped elementary bodies 
such as discussed by Rake ct a!.'' However 
some of the particles appear to have corners 
and in the measurements the average diame- 
ter of each particle was used. The prepara- 
tions seem to be characterized by surface 
irregularities and particularly a central area 
of depression in the middle of which often 
appears a small elevated round structure. The 
latter was particularly marked in the bodies 
from herpes simplex (Fig. 5). 

Discussion. These obser\'ations tend to con- 
firm those recently presented by Rake and his 
colleagues'"’ as well as those of Farrant and 
O'Connor' bearing on the similarities in ele- 
mentary bodies observed in vesicular fluids 
from patients with herpes zoster and with 
varicella. iMoreover, in addition to finding 
elementary bodies in the vesicular fluid of a 
patient with herpes zoster we have found 
particles of similar size in the spinal fluid of 
this patient. It is noteworthy that in' the 
absence of clinical evidence of central nervous 
system involvement other than headache this 
patient showed a pleocytosis of 145 and 225 
cells (chiefly lymphocytes) per emm on 2 
successive days during his disease. In a series 
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Fig. 4. 

Eicc'tion iiiK-iogiajiIis of vesicle fluid from ;i p.atient with cliiekcii pox. 
X3G.200. ^ 



Fig. 5. 

Electron iiiicrogi/ipli.s of vesicle fluid from n patietit trifli lierpe.s 
simi>le.\. X tl/.oOU. 


of 137 cases of herpes zoster reported by Gais 
and Abrahamson® lumbar punctures were done 
in 11; in 6 the count was normal while 5 
showed a pleocytosis of 40 to 110 cells per 
emm; chiefly l 3 m'iphocytes. 

Whereas herpes simple.^ appears to be un- 
related to herpes zoster, similar appearing 
bodies have been detected in vesicular fluid 
here also. These bodies are 200-220 mp. in 
diameter which is considerabl)' larger than 
that found by filtration studies of herpes virus 
contained in rabbit testicle and brain tissue by 
Elford el o/.’” However to our knowledge, 

« Gais, E. S., and Abrahaiusoii. R. H.. -Ini. J. 
Med. Set.. 19.39, li>7, SI'- 


filtration studies of the virus in %'esicular 
fluid have not been done. 

Summary. 1 . Electron microscope studies of 
vesicular and spinal fluids from a patient mth 
herpes zoster have demonstrated in both par- 
ticles of similar size averaging 227 m/i in 
diameter. 

2. These particles are compared to those in 
vesicular fluids from patients with heipcs 
simple.v and chicken po.x. In herpes simple.v 
particles averaging 213 ni/i in diameter were 
found, and in chicken po.v, particles of 245 mp. 

P' Elfoixl, W. .T., Verdrnu, ,T. R., aafl .Siaitl), 1'., 
,r. Path, aiitl Burt., 19.3.3, 3«, 49. 

RT-cciwd May 19. 1949. P.S.E.IS.M., 3949, 71. 
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17166. Nature of the Plasma Factor Responsible for In vitro Lysis of Leu- 
cocytes by Tuberculoprotein.* 


Joseph M. AIieeer,! Cutting B. Favour, Barbara A. Wilson, and IMerle A. 

Umbarger. (Introduced by J. H. ^Mueller.) 

From the Medical Clinics, Peter Sent Brigham Hospital and the Department of Medicine, 

Harvard Medical School. 


In vitro tissue culture studies on the tuber- 
culin reaction,' using washed buffy coats of 
sensitized animals, have stressed the role of 
cells rather than serum antibodies in the 
tuberculin type of hjpersensitivdty. Since the 
tuberculin reaction maj’ be passively trans- 
ferred to a normal host with white cells and 
not with the serum from sensitized animals, - 
and since white cell suspensions from tubercu- 
lous animals^ and humans' are lysed by tuber- 
culin within one hour, it would seem that the 
delayed type of hjpersensitiinty is in some 
way mediated via the white cells of the animal 
body. 

In an earlier report’ using the one hour ob- 
servation technic on white cell suspensions it 
was noted that white cells of normal tubercu- 
lin-negative and tuberculous humans have an 
equal affinity for tuberculin antigen. Subse- 
quent e.vperiments® with the same technic, 
using thoroughly washed white cells of both 
normal tuberculin-negative humans and tuber- 
culous patients, indicate that the one hour 
in vitro cytoto.xic effect of tuberculin is depen- 
dent on the presence of some factor in tuber- 
culous plasma. The present report e.xtends 

* Work done under nn U.S.P.H.S. Kese.-ircli 
Grant. 

1 I?osc:ircIi Felloiv, National Institute of Ilcaltli. 

t Rieli, .A. IJ., and Leivis, M. K., Sail. Johns 
Hnpl ins Hasp.. 1932. oO, 113. 

- Qiase. M.. Pr.oo. Poc. Exr. Biol. .\nd Mrn., 
19-l.T, 134. 

Favour. B., Fnoe. Soc. Exp. Biol, axp 
Mki).. 1947, G.T. 209. 

^ Freniont-Smith. F., and Favour. C. 15., I’KOC. 
Poe. Exr. Biot., .vxo Med.. 194S, G7. .102. 

■•Favour, C. B.. Fnoc. .Soc. Exp. Biol, .ixp 
Mr.n.. 1949. TO. 309. 

'• Miller. .1. M.. Favour. C. B., tVilson. B. A., 
and I'lnbarL'or. M. A., Fp.oc. Soc. Exp. Biol, axp 
Med.. 1949. TO. T3S. 


these observations on the tuberculous plasma 
factor. 

Experimental. Because normal white blood 
cells were shown to undergo the same lysis as 
do sensitized cells when incubated with tuber- 
culin antigen and tuberculous plasma® and in 
order to eliminate any property of the tuber- 
culous cell as a factor in ci’tolysis, thoroughly' 
washed white cells from healthy' tuberculin- 
negative human subjects were used in all e.x- 
periments. Tuberculous plasma (or serum) 
was obtained from tuberculous patients hos- 
pitalized for acute tuberculosis. Normal white 
cell concentrates were diluted with this plasma 
in amounts sufficient to bring the final cell 
concentration to the range of 4,000-15,000 
cells per cu mm. The tuberculous plasma was 
used in several ways: 

a) freshly drawn; 

b) after storage at ICC for 7 day's; 

c) after dialysis for 2 days against isotonic 
saline; 

d) after heating at 56°C for 15 minutes; 
and 

e) as two fractions obtained as follows: 

1. the globulin precipitated by dialysis of 
the plasma for 2 days against distilled water; 
and 

2. the supernatant plasma freed of precipi- 
tate by centrifugation and redialized against 
isotonic saline. The supernatant plasma was 
added to one tube containing normal cells; 
the precipitate, after being suspended in 1 ml 
of isotonic saline, was added to a similar tube 
of normal cells. 

In all cases where tuberculous plasma was 
subjected to heat or was used at any time sub- 
sequent to the day of collection from the pa- 
tients. fresh normal guinea pig serum, con- 
taining approximately 400 units of active com- 
plement per ml, was added to the medium. 
To 0.4 ml of such white cell suspensions was 
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TABIiE I 

/n vitro Effect of Tu«n on i,^^se.ee, of Eom.ol nnd T..l,erculau* 


Normal cells 

X 

X 

X 

X 

X 

X 

X 

X 

Tbc. Plasma 
(freshly drawn) 

X 

X 







Normal Plasma 
(freshly drawn) 



X 

X 





Tbc. Plasma 

(dialysis 48 hr against 
isotonic saline) 





X 

X 



Normal Plasma 

(dialysis 48 hr against 
isotonic saline) 







X 

X 

Tuberculin antigen 

0.1 


0.1 


0.1 


0.1 


Saline 


0.1 


0.1 


0.1 


0.1 

Total WBC 









0 min. 

60 mill. 

8,770 

0,510 

9,420 

9,390 

8,530 

8,500 

9,450 

9,300 

7,380 

0)330 

8,290 

8,320 

9,270 

9,210 

11.200 

11,080 

% Decrement 

--25.S 

—0.3 

—0.5 

— O.S 

—27.0 

-fO.2 

—0.7 

—1.5 


added 0.1 cc of tuberculin antigen (prepared 
as described earlier*^). Cell system controls 
with isotonic saline replacing the tuberculin 
antigen were studied in similar manner. In 
every instance, normal plasma from a tubercu- 
lin-negative donor was subjected to the same 
treatment as was tuberculous plasma (heat, 
dialysis, etc.) and added to normal white cell 
concentrates in the presence of “Old Tubercu- 
lin” and saline. Cytolysis was demonstrated 
by doing total white counts before and after 
a 60 minute period of incubation at 37°C. 
The accompanying protocols (Tables I, II, 
III) illustrate the method of experimentation. 
Essentially similar results have been obtained 
many times on different tuberculous patients. 

Results. 1. Washed white cells from normal 
tuberculin-negative humans undergo signifi- 
cant cytoh’sis when suspended in the plasma 
of tuberculous patients in the presence of “Old 
Tuberculin” under conditions of these experi- 
ments (Table I). 

2. The ability of tuberculous plasma to 
produce cell lysis is retained after dialyzing 
such plasma against isotonic saline for 48 
hours at 10°C (Table I). 

3. Heating tuberculous plasma to 56°C for 
IS minutes destroys its ability to lyse white 


TABLE II. 

hi vitro Effect of Tuberculin on Xonnnl Leuco- 
cytes in Presence of Tuberculous Plnsma Before 
and After Hc.nting Plasni.-r to 56°C for 15 Miinites. 


Normal cells 

X 

X 

X 

X 

Tbe. plasma 

X 

X 



Tbc plasma* 
(heated 15 min. 
at SC^C) 



X 

X 

Tuberculin antigen 

0.1 


0.1 


Saline 


0.1 


0,1 

Total WBC 

5 min. 

GO min. 

7,790 

5,840 

7,470 

r,540 

7, .310 
7,270 

0,7,10 

0,720 

% deercuunt 

—24.8 

-(-0.8 

—O.S 

—0.3 


* Fresli guinea jiig coni|>lenient added. 


cells, even when fresh guinea pig complement 
is added to the system (Table II). 

4. If tuberculous plasma is dialyzed at 10°C 
for 48 hours against distilled water, a white 
precipitate appears. The supernatant plasma, 
after redialysis against isotonic saline, has no 
effect on white cells in the presence of "Old 
Tuberculin.” The precipitate, when resuspend- 
ed in isotonic saline, is capable of causing 
white cell cytolysis (Table HI). 
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TABLE III. 

In vitro Effect of Tuberculin on Xorninl Leucocytes in Presence of Xornial and Tuberculous Plasmas 
Before and -After Dialysis Against Distilled Water. 


Kormat cells 

X 

X , 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

Tbe. plasma* 

X 

X 










Wormal pl.nsma* 



X 

X 








Supernatant of 
tl>c. plasma 





X 

X 






Supernatant of 
normal plasma 







X 

X 




Globulin precipi- 
tate tbc. plasma 









X X 



Globulin pre- 
cipitate normal 
plasma 










X 

X 

Tuberculin 

antigen 

0.1 


0.1 


0.1 


0.1 


0.1 

0.1 

• 

Saline 


0.1 


0.1 


0.1 


0.1 

0.1 


0.1 

Total WBC 
■j min. 
no min. 

0.070 

5,130 

0,000 

0,3S0 

0,930 

0,900 

0.840 

0.850 

5,200 

5,200 

0.230 

0,190 

9,050 

8,870 

8,930 

8,880 

0,070 7.030 
4,800 7,000 

7,840 

7,770 

8,050 

8,000 

</e (leerenient 

—23.0 

—0.2 

—0.5 

-bO.2 

0.0 

— 0. / 

—1.8 

—0.4 

—28.0 -fO.5 

—1.1 

—0.0 


* Both plasmas stored at 1(1°C for 10 days. 


5. Tuberculous plasma, after storage at 
10°C for 7 daj's, retains its capacitj’ for lysing 
white cells in the presence of “Old Tuberculin” 
(Table III). 

Dhcussioji. An earlier report*' stressed the 
essential role of tuberculous plasma in the 
one-hour in vitro cytolysis of human white 
cells. The foregoing results now indicate 
that the active component of such tubercu- 
lous plasma is a non-dial\'zable, heat-labile 
fraction which remains stable after storage for 
7 days at 10°C. The inacti%'ation of such plas- 
ma by heating to 56°C for 15 minutes is ap- 
parently not due to the destruction of comple- 
ment since the addition of fresh guinea pig 
complement did not restore the leucocjde lys- 
ing activity of the heated plasma. The precipi- 
tation of this active factor by dialrang tuber- 
culous plasma against distilled water seems to 
place this lysing component in the globulin 
fraction of the plasma proteins. The heat 
lability of this plasma substance distinguishes 
it from the usual precipitating and agglutinat- 


ing antibodies described in tuberculous plas- 
ma. It is of particular interest that Chase* 
was able to destroy the ability of tubercu- 
lous cells to transfer sensitivity passively if 
such cells were heated to 48° for 15 minutes. 
In fact, work now in progress suggests that 
such tuberculous cells ma\' be the source of 
this lytic promoting factor in plasma. It is 
not known whether the C3'tolytic process herein 
described represents an in vitro counterpart of 
the tuberculin tj^pe tissue reaction. 

Summary. There is present in the plasma 
of tuberculous humans a heat-labile, non- 
dialyzable component which is responsible for 
the in vitro lysis of washed leucocytes by tu- 
berculoprotein. Further properties of this 
lytic producing substance are its stability at 
10°C for at least 7 days and its precipitation 
with the globulin fraction of the plasma pro- 
teins. 


Eeceived April 20, 1949. I'.S.E.B.M.. 1949, 71 . 
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17167. The Precipitating Effect of Methanol on Viruses.* 
]\IoRRis Pollard, Joan Connolly, and Stanley Fro.mm. 

From the 'University of Texas Medical School, Galvcsion, Texas. 


Mam' technics have been applied to the 
problem of concentration of viruses. Those 
which utilize chemical and physical methods 
have been well reviewed by others.^'* Re- 
cently Cox et al.* reported on the application 
of the protein-precipitating property of 
methyl alcohol to the concentration of in- 
fluenza B virus. By virtue of what seems to 
be a denaturating effect on somatic proteins 
and an innocuousness for virus protein, this 
technic appears to offer some promise of 
providing a method which might be useful 
with a wide range of viruses. It requires 
careful control over methanol concentration, 
temperature of reaction, and pH of the elution 
fluid. 

The technic of virus precipitation with 
methanol is described in detail by Cox ct al. 
and the procedure used in this study is essen- 
tially unchanged. The virus suspenion is 
maintained at 0°C to S°C in an ice rs’ater 
bath. Chilled methanol (C.P.) is slowly 
mixed into the virus suspension and shortly 
thereafter a precipitate appears. The pre- 
cipitation reaction is permitted to proceed for 
3 hours. The precipitate is then sedimented 
in a chilled angle centrifuge at 4600 rpm for 
30 minutes. The supernatant fluid is tested 
for virus activit}' and, since it is usually rela- 
tively free of virus, it is then discarded. The 
precipitate is resuspended to any volume de- 
sired in 0.2 M citrate or phosphate buffer, 
and the virus is permitted to elute at room 
temperature for one hour. The suspension 
is tlien centrifuged at 2500 rpm for 15 min- 
utes at room temperature. The resulting 

* Supported by a. grant from the X.ntiomil 
Found.ntion for Iiif.-intile P.nralysis, Ine. 

1 Anderson, T. F., Cold Spring Unrhor Sym- 
posia on Qiiautitativc Uiology, 1040. 11, 1. 

sririe, N. W., Annual Fcv. of Biuchrm., 1946, 
15, 573. 

3 Card, Sven, Acta Med. Scand. Supp., 1943, 
IAS, 1. 

4 Co.x, n. B., V.nn der Sehocr, J., Alston, S., and 
Bolmol, R, J. Immunol., 1947, 30, 14S. 


supernatant fluid contains most of the \iruy. 

Five virusest were studied with this meth- 
anol precipitation technic, i<b: Wfo saline 
emulsion of Eastern equine encephalomyelitis 
virus (EEE) in mouse brain; 10% saline 
emulsion of human poliomyelitis virus 
(MEF) in mouse spinal cord; and influenza 
B, Newcastle disease, and mumps viruses in 
allantoic fluid. The EEE and MEF viruses 
were tested in decimal dilutions (0.03 ml per 
mouse) for infectivit}' b}' intracerebral inocu- 
lation into 10 g Swiss mice. Fifty percent 
lethal end points were determined according 
to the method described by Reed and 
Muench.® The 3 remaining viruses were 
tested for activity by the Hirst technic of 
chicken rbc agglutination.® In studying these 
five viruses some uniformity of pattern seems 
to have been manifested, particularly con- 
cerning the optimum concentration of meth- 
anol, and the optimum pH level at which 
virus elution occurs. All e.xperiments re- 

TABLE r. 

Methanol Coneentration .-ind Elution pll for 
Optimal Yield of Virus. 

Optimum 

Virii.s '/f mptliiijiol Elution pH 

EEE 35 7 

MEF 35 S 

Mumps 30 S 

Influenz-.o B 35 9 

Xeu'e.astle di.se.'ise .30 7 


t Source of viruses: 

MEF jjoliomyclitis— Dr. B. K. Olitsky, Bookc- 
fcller Institute, Xew York, X. Y. 

Eastern equine enceplialomyclitis — Local out- 
break in equines during fall of 1947. 

Mumps — Dr. .7. F. Enilers, Children 's Hospital, 
Boston, Mass. 

Influenza B — Dr. .Toscj>h E, Pmadel, -Irniy M^'d- 
ical School, Washington, D.C. 

Xewcastle disease — Dr. L. T. Giltner, I ..S.B..t.L, 
I’atliological Division, Wasliingfon, D.C. 

.-•Reed, L. ,T., and -Mueneh, H., Am. J. Ityp., 
1938, 27, 493. 

« Hirst, G. K., Science. 1941. 04, 33, 



Precipitation of Viruses 


291 


Determination of Optimum Methanol Concentration FORPRECm/rAr/oNOF Viruses 

Infectivity LDso 'loyW Chicken rbc agglutination titer 



Pl<3. 1. 


ported herein were repeated at least once, 
and the results were sufiidentlj^ in accord 
so as to warrant being published. 

The optimum concentration of methanol 
was determined by adding 20, 25, 30, and 
35% of methanol to aliquots of the virus 
suspension. By testing the resulting virus 
eluates in pH 7 buffer, the optimum methanol 
concentrations were arrived at and are listed 
in Table I; 25% methanol was optimal for 
EEE and MEF;» 30% for mumps virus and 
Newcastle disease virus. The concentration 
of methanol to be used for JIEF virus was 
determined on the basis of complete e.vtrac- 
tion of the agent from the suspension by the 
precipitate and on this basis, 25% was found 
to be optimal. (Fig. 1).^ In accord with a 
previous report,’’ 25% methanol concentra- 
tion was found to be optimal for influenza B 
virus. 

Using the optimum concentration of meth- 
anol. as determined above for each virus, the 
pH at which each of the viruses would be 
eluted from the precipitate (or redissolved) 

1 In a rci’ont rejnirt Goilan initiratrs that 33*^ 
luotliano! was siiitahlo for precipitatin}: rodonl 
MM potionivolitis virus, Peoc. Soc. Exr. Biol. 
.\si> Mv.n.. .May 1P4S. <IT, .3. 

S' Tin' arrows in Fip. 1 and IH indicate tliat .an 
end point was not detormimwi. 


most effectively was determined (Table I). 
It can be noted that the eluates were more 
potent as the pH of the eluting fluid was 
raised (Fig. 2). Each of the 5 viruses ap- 
peared to be more soluble in buffers at pH 7 
or above than with buffers under pH 7. It 
was thought that some viruses might be in- 
activated at the lower pH levels, and so 
e.\plain the lower titers of the eluates. How- 
ever, when a precipitate containing EEE virus 
was eluted at pH 5 and then reeluted at pH 
7, the virus was absent in the first elution but 
was recovered in the second step. 

When virus suspensions were precipitated 
with methanol, the final eluate was found to 
contain less nitrogen than the original sus- 
pension. ^^^len the virus suspension was 
concentrated by reducing the relative volume 
of the final eluate, there was no proportional 
increment in content of nitrogen, while the 
virus content per ml was considerably in- 
creased. In fact, while there was considera- 
ble loss of nitrogen as a result of methanol 
precipitation, this loss did not appear to be 
at the e.vpense of the virus. Table II illus- 
trates some of the results of such micro- 
kjeldahl determinations. 

Discussion. It can be noted that these 
methanol treated viruses have yielded eluates 
which are inordinately more potent than the 
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DsTERMt NATION OF OPTIMUM ElUTION pH OF METHANOtPRECIPirATEO ViPl/SES 

Jnfectmty LDso ~Lo^W Chicken rbi agjluUnation titer 

A £ ic 30 eo so 


Elution pH 

. E 'f 'f '.1 !0 So 40 SO IMJ30 14} !2S0 SMSt.VloilO lUSO 

EFE Virwo Elution pH 

None , 5 

\ r — 1 ! 1 1 1 — t r — 1 > — } 

Influsnzx Viru.^ 


HilllMhil 

7 

■■■■■■■■ 


0 

Control 

■■■■1 


Control 

MtF Virus 

Mumps Mf'us 

6 

S 





Control 

■■■■■ 



8 



Control 

3£ 

30 

4 0 

, 50 


Nearcajtls Virus 

None 

None 

None 

None 


6.0 



7.0 




8.0 



10 0 






Pig. 2. 


concentration factor would indicate. Our 
rvork has not yet offered any explanation for 
this phenomenon. The enhancement might 
be due to the disruption of infective aggre- 
gates or to the removal of some inhibiting 
substances as a result of this treatment with 
methanol. It may be that the viruses are 
manifesting an optimum pH activity point; 
however, Wenner' has reported that pH 4.6 
is the optimum effective point for poliomye- 
litis. At this pH level, lower titrafable end- 
points were demonstrated in the eluates from 
methanol precipitated virus suspensions than 
were attained at the higher pH levels (Fig. 
2). Horsfall* refers to autointerference agents 
which might provide an e.xplanation for the 
enhancement of potency of the viruses fol- 
lowing treatment with methanol. In all in- 

TtVeimer, 11. A., Pkoo. Soo. Exp. Biol, a.vd 
mo., 1945, (to, 104. 

S Horsfall, Prank L,, .Tr., Viral anO Rickettsial 
Infections of Man, .T. B, Lipiiincott Co., Pl.ila- 
(lelpliia, 1948. 


stances the nitrogen content of the virus sus- 
pension was reduced following methanol 
treatment, but not at the expense of the in- 
fective agent. This is in accord with the 
findings of Koprowski et ale* with methanol- 
precipitated viruses. 

It may be that the viruses arc less soluble 
at the lower pH levels because of the prox- 
imity to their isoelectric points; and in ac- 
cordance with what has been demonstrated 
with enzyme proteins'" and with animal 
serum proteins,’^ the solubility of the viruses 
increases as one moves away from this pH. 
As indicated above, while EEE virus was 
insoluble it was not destroyed after e.xposure 

p Kojtrowski, H., Black, .f., aiul Cov, H. R., 
Proc. 4tli Infcriiat. Cmigres.s for Microbiol., .Tuly 
3947, 

It* Xortliro]), .1. II., Crystalline ciizynu'.'!, Colmii- 
bin University Press, 1939. 

n Colin, E.'.r., and Ed.sali, C., Prolcins, .Viiiioo 
Acid.s .and Pe[>tidos, Reinhold Plibli.sliiiiR torj'.. 
New York, 194.3. 
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TABLE rr. 


Nitrogen Loss Ly Prctipitatioii of Virus Siispcnsioa with >fctliaiiol. 


Virus CAB* 

Mg N crude 

Fold. cone. 

Mg N after 
precipitation 

r/c N reduction 

Newcastle 

.(■>4 

0 

0.20 

68.8 

fS 

.62 

0 

0.35 

43.8 


.62 

10 

0.42 

99.2 

Influenza B 

.54 

0 

0.21 

62.0 

” A 

.47 

0 

0.14 

70.3 

” A 

A1 

10 

1.12 

76.2 

Mumps 

.56 

100 

2.91 

94.9 

9 i 

.5G 

100 

1.47 

97.3 

7J 

.56 

100 

0.35 

99.3 


’ CAB — Chorio-allnntoic fluid. 


to pH 5 for one hour, and it was thereafter 
recovered with appropriate pH solutions. It 
has been reported that poliomj'elitis virus can 
tolerate exposure to pH 1.6,^- and on this 
basis it seems probable that the iMEF virus 
was not destroyed when it failed to elute at 
the lower pH levels. .Additional studies of 
the pH stability of MEF poliomyelitis virus 
indicate that while the virus was most stable 
at pH 6-7 it was able to tolerate pH 3 for 10 
weeks.*® 

Summary. Five viruses (Eastern equine 

J- Boring H., and Sclnvcrdt, C. E., Pnoc. Soe. 
Exe. Bioi/. .\ND Mm, 1944, 57, 173. 

Vi Pollard, M., and Connolly. . 1 ., Tex. Reports on 
Biol, and Med., Spring 3949. 


encephalomyelitis, iMEF human poliomyelitis, 
mumps, influenza B, and Newcastle disease) 
were utilized in studying the precipitating 
effect on them of methanol. Optimal meth- 
anol concentrations and optimal pH for elu- 
tion were determined for each virus and are 
tabulated (Table I). .All of the viruses which 
were studied demonstrated a relationship be- 
tween the pH of the elution fluid and solubil- 
ity: as the pH was raised there was a cor- 
responding increase in solubility of the virus. 
The methanol precipitation technic results in 
considerable loss of nitrogen from the virus 
suspension, but this loss does not appear to 
be at the expense of the virus. 

Received .M.^y IS, 3.04a P.S.E.B..M., 1949, 7l" 


1/168. Comparison of Newcastle Virus in Hamsters Exposed by Intra- 
cerebral Injection and Intranasal Instillation. 


Reginald L. Reagan, Mary G. Lillie, Dorothy E. Smith, and .A. L. Brueckner. 

From Maryland Stair Foard of Agriculture, Vniversity of Maryland, College Pari:. Md. 


Hamster-adapted Newcastle virus, Califor- 
nia strain No. 11,914, has been continued 
through the 300th passage by serial intra- 
cerebral inoculation. Virus neutralization 
tests were conducted, using brain suspensions 
of the 24Slh and 300tb intracerebral hamster 
passages with specific’ Newcastle virus im- 
mune and normal chicken sera, and with 
hamsters as test animals. Specific immune 
sera completely neutralized the hamster brain 
virus, whereas normal chicken serum had no 
effect. The virus of this 300th passage titred 
10'* " intracerebrally in 4-week-old hamsters, 


in contrast to the virus of the 200th passage* 
which titred lO"' -'’ in hamsters of the same 
age injected by the same route. 

Newcastle virus infection in hamsters in- 
oculated intranasally with lOfo brain sus- 
pension of the 16th intracerebral hamster 
passage has been previously reported.- It 
was also reported that intranasal instillations 

I Rp-igaii, R. L., lARic, M. G., Hauler, .T. ^ 
.Hid BruwkiKT. A. L., Proc. Poe. Exp. Biou .>1X1) 
Mm, 194S, 08, 293. 

-Rpag.m. R, E., EilHc, M, 0.. I’otdni.a. L. .T., 
.and Bruecliiicr, A. L., Am. J. I'd. Prs.. 8, 427. 
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TABLE I. 


Iiitraiiasal Passage of Kanister-Adnptcd Newcastle Virus. 


Passage 

No. 

No. 

inoculated 

No. showing 
symptoms 

No. days after inoculation 
symptoms occurred 

1 

6 

5 

3, 3, 4, 4, 5 

2 

5 

5 

2, 2, 3, 3, 4 

3 

8 

0 

4, 4, 4, 4, 5, 5 

3a* 

5 

o 

3, 3 

i 

0 

6 

4, 4, G, C, 0, C 

4a 

c 

o 

5 

5 

i 

1 

3 

0 

4 

1 

4 

7 

5 

3 

4. 4, 5 

7a 

6 

O 

4, 4 

8 

4 

2 

3, 4 

9 

5 

0 



8 

.8 

3, 4, 4, 4, 4, 4, 4, 4 


♦ “a” — Duplicate passages made from .siispeiisiojis wliieli wore frozen and tliawed. 


TABLE If. 

Titration in 4-Weel<-01d Ham.sters of Hamstcr-Adai)ted Newcastle Viru.s. 


Dilutions 


Virus 

iO'i 

10-2 

10-a 

10-1 

10-r. 

Titers 

Hamster brain 

300th passage 

__ 

4/4 

4/4 

3/4 

2/4 

10-1.T7 

Hamster cord 

300th passage 

4/4 

4/4 

0/4 

0/4 


10-2.5 

Hamster brain 
from 4th intranasal passage 

4/4 

4/4 

4/4 

3/4 

2/4 

lO-J.TT 

Hamster brain 
from 7tb intranasal passage 

0/fl 

4/4 

4/4 

1/4 


lO-s.fiO 


Numerator of fraction denotes number of deaths. 

Denominator of fraction denotes number of hamsters inoculated. 


of lung or brain suspension from the affected 
animals failed to produce symptoms of cen- 
tral nert'ous system involvement in hamsters 
of the primary passage. Repeated trials with 
intranasal instillation of 10 - 205 ?? infected 
brain suspension after the 16th intracerebral 
passage and up to the 245th intracerebral 
passage failed to produce typical symptoms 
of Newcastle virus infection, except in the 
first exposure. When a 20% brain suspension 
of the 245th intracerebral subculture was 
passed intranasally in young hamsters, s.vmp- 
toms involving the central nervous system, 
similar to those obserx-ed after intracerebral 
injection of the hamster-adapted Newcastle 
virus, were obser\'ed. These intranasal in- 
stillations were continued through 9 uninter- 
rupted passages. Virus neutralization test.s 
were conducted, using brain suspension^ of 
this 9th passage with specific Newcastle virus 


immune and normal chicken sera, with ham- 
sters as test animals. Specific immune scruin 
completel}' neutralized the hamster brain 
virus while normal chicken serum had no 
effect. Symptoms of central nervous system 
involvement appeared between the 2nd and 
6th days following intranasal e.vposiire. Table 
I gives' the results of these 9 passages. Table II 
gives results of titrations in 4-week-o!d ham- 
sters of the hamster-adapted Newcastle virus 
from various sources. 

Disaissioit. Similar symptoms were shown 
bv hamsters infected, by the intracerebral 
route and by intranasal instillation, despite 
the fact that the incubation period w.a.s much 
shorter by the first method. Vim.": of the 
higher numbered intracerebral pas.sagcs. and 

aRccil. L. ■!., :inil Miiomb, It., ■t’”- 

27, loa. 
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including the 300th, produced marked 
nervous reactions within 24 hours after intra- 
cerebral injection. This was true when dilu- 
tion was carried as high as 1 to 1000. Ham- 
sters e.\posed by intranasal instillation of 
20% brain suspension in amounts as small 
as 0.06 cc became infected. In exposure by 
intranasal instillation the incubation period 
was regularly increased and ranged from 2 to 
6 days. Brain suspension from hamsters in- 
fected intranasally in the 4th passage titred 
lO"’-"’ by intracerebral injection, whereas the 
same form of material from the 7th passage 
titred lO'" '''’' by the same route. These titra- 
tions were made with 0.03 cc of the various 
brain suspension dilutions. Spinal cord of 
hamsters of the 300th intracerebral passage, 
injected in 10% suspension intracerebrally, 
produced typical nervous symptoms. This 
suspension of virus titred 10'- '‘, as shown in 
Table 11. 

Suvimary. Infected hamster brains from 


the 300th intracerebral passage and from the 
4th intranasal passage titred lO^-'', whereas 
infected brains from the 7th intranasal pas- 
sage titred lO-® ®''’. Positive >iewcastle chicken 
serum neutralized the virus from the 245th 
and 300th hamster passage, whereas normal 
chicken serum had no effect. 

Nasal instillation trials were conducted 
from the 16th and 300th hamster passage but 
were not successful (except for the 1st pas- 
sage) until after the ■245th passage. 

The incubation period of hamsters infected 
bj' intranasal instillation is longer than by 
intracerebral injection. Hamster-adapted 
Newcastle virus was carried through 9 pas- 
sages intranasally, and brain material from 
this 9th nasal passage was neutralized by 
positive Newcastle chicken serum. Hamsters 
infected intranasally and intracerebrally 
showed symptoms of irritability followed bj' 
involuntary motor reactions and paralysis. 

wF 11, 1949^ pijE.B.M., 1940, 71. 


17169. The Stability and the Stabilization of Testicular Hyaluronidase. 

D. Roy McCullagh, James Cassidy, Florence Valentine, and Sibylle 

Tolksdorf. 

From Ihc Deportment of Diochemistry, Sclicring Corporation, BloomfieUt, S. J. 


Over a period of years, numerous prepara- 
tions of hi'aluronidase have been stored in 
these Laboratories as bulk powder at room 
temperature \rithout anj' appreciable loss in 
activity. It has been observxd, however, that 
decreases in potency occur when the enzyme is 
stored under other conditions. We have there- 
fore conducted an investigation of the factors 
which influence the stability of testicular 
hyaluronidase. This involved the develop- 
ment of an accelerated aging test and the use 
of stabilizing agents. The stability of hyalur- 
onidase in bulk, in aqueous solution and in 
sterile vials has been studied at 10°C, at 
room temperature and under conditions of 
accelerated aging. The influence of various 
bacteriostatic agents on the lability of the 
enzj'ine is reported. 

Methods. The turbidimetric method of 


assay employed in this investigation has re- 
cently been described in detail.^ This pro- 
cedure permits the use of hyaluronates of 
varying degrees of purit}" as substrates and 
gives consistent results because of the stabili- 
zation of the protein indicator and the prompt 
termination of the reaction by heat. The 
aclivit 3 ' of the enzj-me is e.xpressed in turbidi- 
l\’ reducing units (T.R.L'.) which are defined 
as that amount of enzyme which will h\'dro- 
lyze hyaluronic acid until it gives a turbidity 
corresponding to half the amount of substrate 
emploj-ed. Using this method of assay the 
units have numerical values lower than those 
obtained by other procedures; c.g. 100 TRU 


1 Tolksdorf, S., Mi Creadr, M. U., McCwUngli, B. 
Roy, .and Scliwoiik. E., .7. T.oh. Clin. Med., lOtO 
34, 74. 
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TABLE I. 


Loss in Activity of Bulk Hy.'iliiroiiid.-isc. 


Potency of 
sample 
TEU/iiig 

lO-C 


25-30“C 

GO'C 


< 

Time in mo. 

% loss 

Time in mo. 

% loss 

Time in mo. 

% loJ-i 

25 

12 

0 

12 

0 

1 

40 

150 

12 

0 

12 

' 0 

1 

20 

500 

O 

0 

3 

58 

1 

(!2 


by this method might be as high as 200 TRU 
by other methods. 

The bulk hyaluronidase was prepared from 
bull testes by ammonium sulfate and lead 
acetate fractionation-'® and dried from the 
frozen state. Concentrated solutions of 
hyaluronidase in pyrogen-free distilled water 
were sterilized by Seitz filtration and tested 
for stability at various dilutions. Dilute, 
sterile filtrates of hyaluronidase were dried in 
vials from the frozen state. Early experi- 
ments indicated that hyaluronidase was less 
stable in vials than in bulk. Human plasma 
was added to the hyaluronidase and found to 
be a suitable stabilizer. Its use however was 
discontinued due to possible contamination 
with the virus of infectious hepatitis. It has 
been noted that certain labile substances such 
as protein hormones could be stabilized by the 
use of gelatine."* Gelatine which had been puri- 
fied for intravenous use was therefore added 
to the vials before drying. This material after 
drying could be reconstituted only xvith diffi- 
culty. A polypeptide derived from gelatine* 
was then employed. 

The shelf life of hyaluronidase both with 
and without stabilizer was determined upon 
storage at room temperature and at 10°C. 
Since some of the preparations proved to be 
very stable, an accelerated aging test was de- 
vised in order to €.vpedite the study of the 
stabilization of hyaluronidase. The increased 
rate of inactivation was studied at various 


2 yiadiniiTcitia, J., Bioehem. J., 1941, 35, 447. 

3 Ilulm, L., Biochcm. Z., 1943, SIS. S3. 
^BockmfiW, M., Lindner, F., .-.nd .Scl.anmnnn, 

O B S Patent No. 2,050,558, 1930. 

Wo are grateful to Dr. B. TonrtcUotte of tlie 
Knov Gelatine Protein Products, Inc., Camden, 
N J who stts>pUed the first c.-q>ori'»<u>t-‘l Ixatebes 
of intravenous gelatine and informed us of the 
availability of, and supplied us nith, the poly- 


peptide. 


elevated temperatures up to 60°C. Although 
h 3 raluronidase in aqueous solution is destroyed 
almost immediately at 60°C,^ hyaluronidase 
in dri" form is inactivated at this temperature 
at a rapid but measurable rate. The stability 
of bulk powder as well as that of the enztine 
in vials was therefore determined by incuba- 
tion at 60°C for various periods of time. 


Hyaluronidase in solution and dried in 
vials was also tested for stability' in the pres- 
ence of such bacteriostatic agents as zephiran 
(aikyd dimethyl benzyl ammonium chlorides), 
phenyl mercuric nitrate and tegosept (methyl 
and propyl esters of para hydro.xy benzoic 
acid). 


Results. J. Stability of Bulk Hyaluronidase. 
"he stability of bulk hyaluronidase is illus- 
rated in Table I. hlaterial assaying 25 TRU 
nd ISO TRU per mg respectively was stable 
or more than one year when stored at 10 C 
nd at room temperature. ^Material of higher 
lOtency (500 TRU per mg) was stable for 
everal months at 10°C, Stored at room tern* 
lerature, the 500 TRU material lost 58% of 
Ls activity in 3 months. It should be men- 
ioned however, that this study' was carried 
ut between June and September, 1948, when 
he average room temperature was close to 
0“C. At 60°C the bulk material, regardless 
f potency, lost considerable activity over a 
eriod of one month. 

II. Stability of Aqueous Solutions of Hy- 
luronidasc. Aqueous solutions of hyaluron- 
lase in 2% concentration possessed remark- 
ble stabilitv at 10°C. As may be seen from 
"able ir, sterile filtrates of an enzyme prep- 
ration assaying ISO TRU per mg were 
table for more than 3 wonUis when kept in 
fie refrigerator. 

The sUibilily of dilute enzyme solutions was 
tudied at 20°C with 2 preparations as.saymg 
50 and 500 TRU per mg resjiectiveh. The 



Stability and Stabilization of Hyaluronidase 


297 


TABLE n. 

Stabilitj" of Concentrated Aqueous Solutions of Hyaluronidnse at lO^C. 


Expcrimcntnl* 

Origin."!! ass.ny, TIHT/mi 

Time at 10°C, mo. 

Final assay, TRU/ml 

STES-gen-20 

2580 

3 

2730 

t f 22 

2640 

3 

2760 

STE9-gcn-lB 

2590 

3 

2700 

” 6 

2670 

2.25 

2900 

9 

3220 

2.5 

3260 


* Enzyme employed assayed 150 TEU/ing. Concentration of sterile filtrates approsimately 


TABLE 111. 

Loss of Activity of a Dilute Aqueous Hyaluronidnse Solution tvifli and without Stabilizer. 

IVifliout stabilizer TTitli polypeptide 

Enzyme STII-2-i* Time Loss, 95- Time Loss, 

10° 7 wfcs 50 7 H-ks 0 

Boom temp. 7 days 50 18 days 50 

* Starting material 500 TEU/mg in 0.02S% solution (140 TKI'/ml). 


500 TRU material at a concentration of 0.28 
mg per ml lost S0% of its activity in 7 weeks 
whereas at the same temperature, in the pres- 
ence of 2 mg of polypeptide per ml. there was 
no loss in activity over the same period of 
time (Table III), .‘^t room temperature, the 
half-life of the enzyme was 7 daj'S without 
stabilizer as compared to a half-life of IS days 
in the presence of polypeptide. 

III. Stability of Hyaliiroitidasc in Vials. 
The lability of hyaluronidase dried from 
the frozen state in vials in the absence of sta- 
bilizer was studied using material assaying 
150 TRU per mg and 500 TRU per mg. The 
vials contained either 5 to 10 TRU. 100 TRU 
or appro.vimately 150 TRU of the enzyme 
and were stored at lO'C. at room temperature 
and at 60°C, Regardless of the amount of 
hyaluronidase in the vials, the enzjTne was 
stable at I0°C for more than 7 months. At 
room temperature, losses were frequently ob- 
served after 4 months while at 60'C, losses 
were observed within hours. 

The addition of gelatine resulted in a verj’ 
marked increase in the stability of the enzyme. 
For vials containing 5 TRU of hj'aluronidase, 
the half-life was 2.5 hours at 60°C without 
gelatine whereas there was only a very slight 
loss in the potency of the same preparation 
in 12 days in the presence of 2 mg of this pro- 
tein. 1. nforlunatelv* the contents of the vials 
were not readily soluble in distilled water. 

It Was found that a polypeptide produced 


by' the partial hydrolysis of gelatine* was quite 
soluble after being dried from the frozen state. 
The stabilizing effects of this polypeptide were 
the same over a range of 1 to 7.5 mg per vial. 
Therefore, it was decided to use 2 mg per vial 
regardless of the quantity and purity of the 
enzynne. In the presence of this stabilizer the 
hyaluronidase showed no loss of activity at 
lO'C and at room temperature for more than 
6 months. Some studies made at 60° C are 
demonstrated in Table I\' and are ty'pical of 
our findings. The results given in the table 
are expressed in terms of half-life of the 
enzyme. It will be seen that the half-life of 
500 TRU material under these conditions was 
increased 16 fold. The 150 TRU material 
had an average increase in half-life from 6.9 
to 156 days, indicating a 23 fold increase in 
stability' due to the polypeptide. The vials 
of batch number S-gen-17 E contained onlv 
small quantities of the enzyme but were 
stabilized to the same e.xient as were the other 
batches. More highly purified hyaluronidase 
(F\TV'3S C) lost all activity during drying 
in the absence of stabilizer when the charge 
was 10 micrograms representing 5 TRU. No 
activity' ivas lost in the presence of polvpep- 
tide. Since the enzyme without polypeptide 
was stable at room temperature in vials for 
a period of 4 months, it would seem possible 
that in the presence of polypeptide the stabili- 
ty at room temperature might be increased to 
a period of years. 
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TABLE IV. 

Half-Life of Hviiluronidase in Vials at G0°C. 


Half-life 


Vials filled IVithout stabilizer, ’iVitli stabilizer, 
Batch No. Potency to contain days days 


FV IV-38 A 

500 TBU/nig 

130 TRU/vial 

3.5 

50 

S-goii-17 0 

150 

J f 

3 } 

1C5 

33 

3 3 

4.C 

103 

S-gen-lT A 

150 

} > 

3 3 

110 

33 

33 

14 

114 

S-gen-ir E 

150 

>> 

3 3 

9 

33 

3 3 


190 

FV IV-38 G 

500 

}i 

3 3 

5 

3 3 

33 

* 

85 


■ * All activity lost during drying. 


TABLE V. 


Stability of Hyaluronidase in Vials During Freeze-Drying. 


Batch No ■ 

Poteiie}' 

Content of- via Is 
before drving, 
TBU 

Content of vials 

after drying 

IVitliout stabilizer, 
TRU 

IVitli stabilizer, 
TRU 

FV IV-38 A 

500 TR-U/iug 

150 

120 

100 

8-gen-17 C 

150 ” ” 

165 

154 

103 

8-gen-17 A 

150 " ” 

110 

98 

114 

8-gen-17 E 

150 ” ” 

9 

4.7 

11 

FV IV-38 C 

500 ” ” 

5 

no aetivita’ 

5.7 


Observations were made to determine 
whether or not a decrease in potency occurred 
while drjdng the enz 3 'me in vials. The influ- 
ence of polypeptide on possible losses during 
drying was also investigated. Five such ex- 
periments are summarized in Table V. In 
each experiment the same amount of enzyme 
was placed in the vials with stabilizer as in the 
control vials. It will be noted that in the 
absence of stabilizer, losses occured which 
increased as the amount of enzyme decreased. 
.In the presence of 2 mg of polypeptide, these 
losses were not observed. During the investi- 
gation of solutions of hyaluronidase, it had 
been noted that the polypeptide did not in- 
fluence the initial assay values. Therefore it 
is believed Uiat these experiments indicate 
that the polypeptide exerts a protective in- 
fluence over the enzyme during drying. 

IV. The influowe of Bacteriostatic Agents 
on the Stability of Hyaluronidase. Tegosept, 
zephiran and phenylmercuric nitrate were em- 
ployed in maintaining bacteriost^is in pre- 
piring various batches of hyaluronidase. These 


substances were separated from the enzyme 
by dialj'sis prior to drying the final product 
from the frozen state. Satisfactory prepara- 
tions were obtained using zephiran and phen- 
ylmercuric nitrate. Some preparations in 
which tegosept was employed became inactive. 

Summary. 1. Testicular hyaluronidase in 
bulk assa 3 ’ing 150 TRU per mg is stable at 
room temperature for more than one year. 

2. Hyaluronidase in concentrated aqueous 
solution is stable for several montlis at lO'C. 
Dilute solutions of the enzyme are less stable. 

3. Hyaluronidase dried from the frozen 
state in vials can be stabilized by the addition 
of pol 3 q)eptide. Its half-life at 60°C is thereb 3 ' 
extended 10 to 20 times. 

4. Certain bacteriostatic agents can be used 
throughout the production of h 3 -aluronidase 
without decreasing the activity of the enzyme. 

The authors are grateful to Dr. Envin Sclun-nk 
for bis eneouragciiieiit flirougliout tlii.s investiga- 
tion. 

Boceived >tay 19, 1949. RS.E.B.M., 1949, 7J. 
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17170. Sympatholytic Effects of Diethylaminoethanol in Man.^ 

Edward D. Fbeis/ Joseph R. Stantox, axd F. Corbix Moister.^ 
(Introduced by Robert W. ll'ilkins.) 

From the JSohert Dawson Eiaiis Memorial, Massaehusetls Memorial Hospitals, and the Depart- 
ment of Medicine, Eoston Vniversity .School of Medicine, Boston, Mass. 


h recent report by Rosenberg and his co- 
workers^ indicates that diethylaminoethanol, 
an in vivo decomposition product of procaine, 
may revert ventricular tach\’cardia to normal 
rhythm, suppress ventricular premature con- 
tractions, and induce transient hjpotension. 
Since the mechanism of these effects was not 
determined the present investigation was in- 
stituted to inquire into the hemodynamic 
properties of the drug in man. 

Methods and results. Both hypertensive 
and normotensive subjects were given diethyl- 
aminoethanol in doses of 2 to 5 g either by 
slow intravenous drip in 0.5% solution at a 
rate of 0.02 g per minute or by rapid intra- 
venous injection of a 10% solution at a rate 
of 1.0 g per minute. Sympathetic vasopressor 
and digital vasoconstrictor refle.\'es were de- 
termined before and at various inter\'als after 
the drug according to methods previously 
described.- Doses of 5 g of diethylamino- 
ethanol injected intravenously at a rate of 
1 g per minute were followed by a reduction 
of basal arterial pressure and marked postural 
hypotension. Heart rate either did not 
change significantly or increased moderately. 
.■\ccompanying the hypotensive response there 
was an inhibition of sympathetic vasopressor 

* Tills iiivcstig.itioii was supported in part by 
tlic Squibb Institute for Medical Rese.irch, Xew 
P.runswiek. X. .1. The diethylaminoetli.anol used 
in this investigation was generou.sly supplied by 
Pr. James Sliannon of tlie Squibb Institute. 

t Present address: Department of Medicine, 
(Jenrgolown University Jledical Center. Washing- 

loii, D.C. 

J On leave of absence from tlic Mary Ilitcbcock 
Memori.'il Hospital and Dartmouth Medical 
Schooi, Hanover, X. H. 

’ Rosenberg, B.. Kaydcn, H. J., Lief, P. A., 
Marks, L. C.. St«!c. J. M., and Brodic. B. B., 
J. Vharm. and Frp. Therap., 194?, 05, IS. 

Preis, E. D., Stanton, .T. R., Culbertson, J. W.. 
Halperiit. M. D.. Litter. J.. Burnett. C. H.. and 
Wilkins, R. W., J. Ctin. Inrc.st.. 1?49, 28. 3."3. 


responses (Valsalva and tilt-back over- 
shoots), as well as a reduction in reflex vaso- 
constrictor responses to “noxious stimuli" in 
the digits. In addition, a sudden increase in 
digital volume and pulse volume was ob- 
seiA-ed. These hypotensive and sympatho- 
lytic effects were transient, the arterial pres- 
sure and sympathetic reflexes returning to 
normal within to 1 hour after the drug was 
administered. Slow rates of administration 
of the drug and low dosage were not followed 
by such cardiovascular or sympathetic reflex 
changes. Xo serious toxic effects were noted. 

Discussion. The observed sympatholytic 
properties of diethylaminoethanol in man 
probably are the basis for its hypotensive 
action as well as its effect on ventricular 
tachycardias. In the latter respect the drug 
is similar to certain other sympatholytic 
agents such as dibenamine,^ ergotamine,'* and 
dihydroergokryptine.’’ This correlation be- 
tween adrenergic inhibition and the preven- 
tion or cessation of attacks of ventricular 
tachycardia seems to be limited to drugs 
which suppress the sympathetic system only: 
since In dogs under cyclopropane anesthesia 
the drug tetraethylammonium. which Inhibits 
transmission through all autonomic ganglia, 
intensifies rather than prevents epinephrine 
induced ventricular tachycardia.® 

Rosenberg and his co-workers demonstrated 
that high blood levels of diethylaminoethanol 
are not maintained due to rapid diffusion of 
the drug out of the blood stream.’ The results 
of the present study suggest that the sympa- 

•■5 Xiekerson. M.. ami Goodman. L. S.. Fed. Proc., 
1948, T, 397. 

< .\llcn, C. R.. Stutzman. .T. W., and Mock, 
W. J,, Ancsihrsiolopp, 1940, J, 158. 

•'•Stanton, .1, R„ Ware, 1*., and Stutzman, .T., 
unpublislied data. 

n Stutzman. .T. W.. Pettinga. F. L.. Fruggiero, 
E. .1., .and Maison, G. I... Proc. Soc. Exp. Bioi- 
-exT) M»3>., 1948. as, CSC. 
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TABLE TV. 

Haif-Lifc of Hyalaroiiidase in Vinis at C0°C. 


Half-life 


/ ' 

Vials filled Without stabilizer. With stabilizer, 


Batcli Xo. 

Poteuey 

to eoiitaiii 

(lays 

(lays 

PV IV-38 A 

500 TSU/mg 

150 TRU/ vial 

. 3.5 

50 

8-gen-17 C 

150 ” 

165 ” 

} y 

4.6 

1G3 

S-geu-17 A 

150 ” ” 

110 ” 

yf 

14 

114 

8-gen-17 E 

150 ” ” 

9 ” 

yy 

iy 

190 

PV IV-3S C 

500 ” ” 

5 ” 

y> 

* 

S5 


* All activity lost during drying. 


TABLE V. 


Stability of H^'aluronidase in Vials During Freeze-Drying. 


Batcli Xo 

Potency 

Content of-vials 
before drying, 
TRU 

Content of ri.als after drying 

/ 

Without stabilizer, 
TRU 

With stabilizer. 
TRlt 

iW IV-38 A 

500 TRH/mg 

150 

120 

160 

S-gen-17 G 

150 ” ” 

105 

154 

163 

8-gen-17 A 

150 ” ” 

110 

98 

114 

8-gen-17 E 

150 ” ” 

9 

4.7 

11 

FV IV-3a C 

500 ” ” 

5 

no activity 

5.7 . 


Observations were made to determine 
whether or not a decrease in potency occurred 
while drying the enzyme in vials. The influ- 
ence of polypeptide on possible losses during 
drying was also investigated. Five such e.x- 
periments are summarized in Table V. In 
each experiment the same amount of enzyme 
was placed in the vials with stabilizer as in the 
control vials. It will be noted that in the 
absence of stabilizer, losses occured which 
increased as the amount of enzyme decreased. 
,In the presence of 2 mg of poljTreptide, these 
losses were not observed. During the investi- 
gation of solutions of hyaluronidase, it had 
been noted that the poljTJeptide did not in- 
fluence the initial assay values. Therefore it 
is believed that these e.xperiments indicate 
that the pol>T3eptide e.xerts a protective in- 
fluence over the enzyme during drying. 

JV. The influence of Bacteriostatic Agents 
on tiie Stability of Hyaluronidase. Tegosept, 
zephiran and phenylmercuric nitrate were em- 
ployed in maintaining bacteriostasis in pre- 
paring various batches of hyaluronidase. These 


substances were separated from the enzyme 
by dialysis prior to drying the final product 
from the frozen state. Satisfactory prepara- 
tions were obtained using zephiran and phen- 
3 dmercuric nitrate. Some preparations in 
which tegosept was employed became inactive. 

Summary. 1. Testicular hyaluronidase in 
bulk assaying ISO TRU per mg is stable at 
room temperature for more than one year. 

2. Hyaluronidase in concentrated aqueous 
solution is stable for several montlis at 10°C. 
Dilute solutions of the enzione are less stable. 

3. Hyaluronidase dried from the frozen 
state in vials can be stabilized by the addition 
of polypeptide. Its half-life at 60°C is thereby 
e.xtended 10 to 20 times. 

4. Certain bacteriostatic agents can be used 
throughout the production of hyaluronidase 
without decreasing the activity of the enzyme. 

Tlie authors urc gr.stoful to Dr. Envin Scliwi’nk 
for his eiicour.’igpnicnt tliroupliout thi.s iiivo.stip.s- 
tion. 

Receiver ibiylo, 1040. 1040, 
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TABLE I. 

Relntivo in liiro Spnsniol.vtie Propertirs of WIN 1S39 ;itid Demerol. 


Barium clilnritlp Acetylcholine Hi«famine 

induced spasms induced spasms induced spasms 



Relative 


\ 

Rchitive 

y 

Relative 

Effective 

activity 

Effective 

activity 

Effective 

activity 


C’ompGUml 

dilution* % papaverine 

dilution* % atropine SOj 

dilution* 

^ papaverine 

WIN 1530 

1:1,000.000 630 

1 :3.200.000 2.3 

1:1.000,000 

47o 

Demerol 

1:300,000 200 

1:08.000 O.OS 

1 :205.000 

9S 


• Values arc averages from intestinal strips of 0 animals. 


were injected into the e-yposed femoral vein. 
.A total of 6 dogs was used in these e,\peri- 
ments. The most marked effect on the in- 
testine following the administration of WIN" 
1539 was a decrease in tonus. There was no 
significant change in amplitude or frequency 
of the contractions. Doses of WIN 1539 as 
low as 0.01 mg/kg produced a definite de- 
crease in tonus. These small doses had no 
effect on blood pressure, heart rate or respira- 
tion. Larger doses (1-2 mg/kg) did not cause 
stimulation of the intestine but only a rela.\'a- 
tion of longer duration. The results ob- 
tained in a representative experiment are 
shown in Fig. 1. 

C. Roctilgcitograpliic study oj the rate of 
movement oj a barium meal through the gas- 
trointestinal tract. The method used was a 
modification of the one described by Gershon- 
Cohen and Shay." .Adult male albino rats 
were star\-ed for approximately 24 hours. 
They were then given orally a 50% suspen- 
sion of barium sulfate in 0.5% gum traga- 
canth, by intubation in a dose of 0.5 cc/100 
g of body weight. The analgesic compounds 
were injected subcutaneously as aqueous solu- 
tions immediately preceding the barium meal. 
The doses used are indicated in Table II. 
These doses had been found to produce ap- 
proximately the same degree of analgesia in 
rats. Roentgenograms were made at 1. 2, 3 
and a hours following the administration of 
the barium meal. The results are summarized 
in Table II. The time for complete evacua- 
tion was not determined, but the data ob- 
t.ained indicate that there is a delay in the 

I Gcrjlnin-Colicii. .1., .-aid Sli.iy. II.. The Rat in 
Lalwratory Investigation, 3P42, p. 371. .1. B. Lip- 
piiK.ott Company, Rhibdelpiii.a. 


emptying time of the stomach due to the 
action of each of the analgesic drugs. Mor- 
phine caused the greatest and Demerol the 
least delay. The delay resulting from WIN 
1539 was almost as great as from morphine. 
Morphine appears to act somewhat longer 
than WIN 1539 on the gastrointestinal tract 
which is also true of its analgesic effect. Karr® 
reported that morphine slowed the passage of 
a carbon suspension in the intfetine of rats 
and that Demerol was much less active in 
this respect. This is undoubtedly related to 



RESPIRATION 



} 

SMALL INTESTINE Ifo ' 

BLOOD PRESSURE 60 - 

♦ 160 70 

WIN 1539 
0025 mg/kg 

Time in minutes 

Jig. 1. 

^ .Vclion of VTN 1.730 in an nne?thc-*izo<3 do", 
rppvr ficures are respiratory rates. Lower fi"ures 
are heart rates. Seale at right rcprc-.ents mm H" 
prissure. " 

S Karr, X. TV., Fed. Froe., 1017, O, 3til ’ 
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tholytic and hypotensive effects are dependent 
•upon a high blood level of the drug since slow 
rates of infusion at low dosage did not result in 
sympathetic inhibition. Even with large doses 
rapidly injected adrenergic inhibition was 
transient and disappeared at a rate similar to 
the observed disappearance of high concen- 
trations of dieth 3 daminoethanoI from the 
blood. It was not possible to determine from 
the present experiments whether the site of 
sj'mpathetic inhibition was central or periph- 
eral. 

Smiimary and conclusions. Doses of diethyl- 
aminoethanol sufficient to produce high blood 


concentrations resulted in a temporary inhibi- 
tion of sympathetic vasoconstrictor reflexes in 
man. It is suggested that the effects of the dreg 
on arterial pressure and ventricular tachycar- 
dias are secondarj'^ to its sympatholytic action. 

Since preparation of tiiis p.iper, Clark .mil IIcI- 
pern (Fed. Proc., 3949, 8, 282) iiave rcportcil on 
tlie ganglionic Mocking action of (lietlivlamiiio. 
etlmnol in dogs and cats. Tkeir observations on 
tlio sympatholytic effects of the drug in .'inira:i!< 
arc in essential agreement vvitli tlie results of the 
present invc.stigation in nmn. 

Receired ^^ny 27, 3949. P..S.U.B.3f., 3949. 71. 


17171. Action of l-Methyl-4-(3-Hydroxyphenyl)-4-Piperidyl Ethyl Ketone 
on the Gastrointestinal Tract.* 


John R. Lewis. (Introduced by 31. Lands.) 

From the Pharmacology Pepartmeai, University of Michigan, Ann Arhor, and the Piology 
Pivision, Sterling-Winthrop Scscarch Institute, Primclacr, X. T. 


One of the most active analgesic compounds 
reported by Kleiderer, Rice ct al.^ was 1- 
methyl-4-(3-hj'droxjq3henyl)-4-piperid\'l ethj’l 
ketone which will be referred to in this report 
as WIN 1539. This compound has the same 
basic phenyl-piperidine nucleus as Demerol 
(brand of isonipecaine), but contains a meta- 
hydroxy group on the phenyl ring and has a 
propionyl group in place of the carbethoxy 
substituent of Demerol. The analgesic activi- 
ty of WIN 1539 is 5-10 times greater than 
that of Demerol.'"'* Because of its high 
analgesic activity and its close chemical re- 

"T^^b^swlT is p.urt of :ni investigation carried 
out under tlio supervision of Dr. M, H. Reevers 
and submitted in a disscrt.ation to tbo Giadu.ate 
School of the University of -tfieliig.aii in partial 
fulfillment of the roquiremeiit.s for the degree of 
Doctor of Pliilosophy. 

1 Kleiderer, E. C., Rice, J. B., Conquest. Y., .and 
Williams. J. H., Report No. 9S1, Office of tlie 
Public-ation Board, Department of Commerce, 
Washington, D.C. 

2 Scott. C. a. Ivohlstaedt. K. and Chen, 
Iv K, Anesfh. and Analgr.i., 3947, 20, 12. 

i!Betvis,-.T. R., Dissertation, University of Michi- 
gan, 1949. 


lationship to Demerol, the actions of WIN 
1539 on the gastrointestinal tract have been 
investigated. 

Results. A. E§cct on excised fufcsthwl seg- 
ments. WIN 1539 and Demerol were com- 
pared for their activity against barium chlor- 
ide and acetylcholine induced spasms of the 
rabbit ileum and against histamine inducctl 
spasms of the guinea pig ileum by the pro- 
cedure described by 3I)IIer, Becker and Taint- 
er.“ The results are given in Table I, These 
data indicate that the spasmolytic activity 
of WIN 1539 is considerable' greater than 
Demerol against all three spasmogenic agent.*. 

B. Effect on intestine in situ. Kj-mographic 
recordings were made of a segment of the in- 
tact ileum of anesthetized dogs b}' a modifica- 
tion of the Barbour method as described by 
Jackson.** .Aqueous solutions of the drug.* 


•iCihcii. R. L., Epstein, H. .1.. nml Driimentr. 

C. S., •?. riiul'ittnrol., ims, 3-S. 

J Miller, L. C.. Becker. T. R.. nnd Tninter. -M. I... 

P/ifTmiftCTji!'.. lO-lS, 

fi.I-icksoii D. E.. Expcrimtntnl Pharmandiwy 
and .Mal.ru, Medi.a, 1939, C. V. Me-l-y f..- S!, 


I.oiiis, Mo. 
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Fig. 2. 

Kymograjiliiv rocoidiiigs of intact stomacli of imcstlietizcd rat. 


but morphine retarded emptying more than 
either of these drugs. Demerol caused a 
stimulation of the intact rat's stomach where- 
as ^YIX 1539 and morphine decreased the 
motility of this organ. 


Ttic author wishes to express his sincere appre- 
ciation to Dr. .T. 0. Hoppe, Mr. J. D. Prick, 
Misses B. B. Dertinger and Estelle Ananenko for 
their assistance in this work. 

Received March 31, 1949. P.S.E.B.M., 1949, 71. 


17172. Some Relationships of Folic Acid to Structurally Similar Metabo- 
lites.* 


J. X. Williams, Jr., and C. .\. Elvehjem. 

From the CoUerir of Afiricullurc, Drporfmmt of Biochemist ry, rnivrrsil;/ of iVisconsitt, 

Maiiison , TTi.v. 


Jacobson and Good' observed that if folic 
acid (pteroylglutamic acid) is incubated with 

* Buhlished with the apjiroval of the Director 
of the Wisconsin Agricultural E.\i>eriineiit Station. 
Supported in part liy a grant from the Re-warch 
Committee of the Graduate School from funds 
supplied hy the Wisconsin Alumni Research 
Foundation. 

I .Tacohson. W.. and Good. R. M.. International 
Physiol. Congress. Ahslracts, 1947, .Tuly. 


milk xanthopterin oxidase a material produc- 
ing a greater response in cases of pernicious 
anemia than folic acid itself was obtained. 
At nearly the same time Kalckar and Klenow- 
demonstrated that xanthopterin is converted 
to leucopterin by milk xanthopterin oxidase 
and that this reaction is strongly inhibited by 


~ Kalckar. H. M., and Klonow, H., J. Ttioi. 
Chnn.. 194S, 172. 319. 



302 


Analgesics on Gastrointestinal Tract 


T^VBLB II. 

Bntc of Movement of a BnTmiii Men) Tlirougli tlic G.'istroiiitcsthial Trnct of AHoho 


Ajiproxiniiite bnihiin nieril 
reniaiiiijig in stomach 




Hr after administration 

Loeatioii of reiiiaimle’r of 
Ijariiim meal 4 lir .‘ifii r 
administration 

Drug 

No. of animals 

r 

1 

o 

3 

4 ‘ 

Untreiitcfl controls: 

Atean 

R.ange 

7 

lo 

2-50’* 

9 

0-25 

4 

0-15 

Ceeimi and foccs. 

Aloipbine (10 mg/kg) : 

Ife.Tn 

Range 

5 

100 

0(i 

90-100 

SO 

7 5-95 

49 

25-93 

•Tejuimm and ilcimi. 

Demerol (30 irig/kg) : 

Mean 

Range 

9 

38 

20-100 

40 

10-9-5 

34 

2-95 

20 

2-00 

Loner ilenm and ei'pum. 

WIN 1330 (3 mg/kg) : 

Jtean 

Range 

10 

SO 

80-100 

70 

20-.0.5 

40 

lo-sn 

44 

a-SO 

•Tejumim, ileum and .‘ioine 
in ceeum of 4 aiiim.'iK 


* 2% indicati'S a visible trace — other values are e.stiiiiate.s of percenfaRe of total vohiine as deter- 
iniued from area and density of barium meal. 


the emptying time of the stomach as shown by 
our results. 

D. Effect on stomach in situ. Since the 
roentgenographic study showed that the anal- 
gesic drugs retarded the emptying of the 
stomach, the effect of these drugs on the mo- 
tility and tone of the intact stomach was in- 
vestigated. Jackson’s method® of recording 
contractions of the dog’s stomach was modi- 
fied for use with rats. The rats were anesthe- 
tized ndth sodium pentobarbital and the ap- 
paratus attached so that recordings of the pj'- 
loric portion of the stomach were obtained. 
The drugs were injected into an exposed 


saphenous vein. 

A total of 12 animals were used in these 
experiments. Fig. 2 is a record obtained in a 
representative e.xperiment. It was observed 
that WIN 1539 in a dose of 0.1 mgAg caused 
a marked decrease in the motility of the 
stomach. In contrast, 1.0 mg/kg of Demerol 
produced an increase in tone and in some 
experiments also an increase in frequency of 
contraction. In two e.xperiments morphine 
caused a response similar to that obtained with 
WIN 1539 in that the peristaltic waves were 

‘"'^he marked decrease in the motility of the 
stomach caused by WIN 1539 or morphine 
could account for the delay m the emptying 


time which is an important factor in the con- 
stipating action of morphine. Gruber, Hart and 
Gruber^ reported that Demerol produced a 
stimulation of the stomach and p.vlorus in 
anesthetized dogs. We obtained similar re- 
sults in rats. In clinical use Demerol docs 
not have a constipating effect. Even though 
morphine has an inhibitory action on the 
stomach of some species of animals (Krueger, 
ct ai.''^), Veach'^ found that it is predomin- 
antly motor to the human stomach. Because 
of species differences in the digestive proc- 
esses it cannot be stated that the actions ob- 
tained with IVIN 1539 in these e.xperiments 


would be the same for men. 

Summary. WIN 1539, a new potent syn- 
thetic analgesic related chemically to Demerol, 
was found to have a stronger spasmolytic ac- 
tion than Demerol on the stimulated isolated 
intestinal strip. .A decrease in tone of the 
intact small intestine of the dog was observe<l. 
WIN 1539 caused a greater delay than Dem- 
erol in the emptying time of the rat’s 


9 Gruber, C. It.. Hart, E. «.. .i"'! Griibi r, C. M., 
fr., /. Pharmacol., 1041, 711, 310. 

10 Krueger, II., Ead.v, N. B., .aa,! ^L, 

riie Pbariiu.calopr.v of the Opium Mkaknds, L ... 
’ubtie. Henltli Itcuorts. .Stiprlonu-iit No. l>m. 


Part 1. 

11 Veaeli, If. 0., -A 


r/iarmacol, IM", 
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thine and subsequent oxidation of the xan- 
thine) is decreased about 50%. In the 
experiment shown aldehyde-free folic acid was 
employed although almost exactly similar re- 
sults were obtained when commercial folic 
acid was employed. Because of the struc- 
tural similarities between guanine and folic 
acid it appeared possible that the pterin 
nucleus could be metabolized similarly to 
guanine, i.c., a hydrolysis and subsequent 
oxidation. However, such an effect as this in- 
volving oxidation would be obscured by the 
depression of endogenous respiration by folic 
acid. It is interesting to note that in the early 
portion of the curve for flasks containing folic 
acid there is a brief stimulation of oxygen 
uptake. 

The similarity of the pterin nucleus to the 
flavin prosthetic groups and purines may 
possibly explain the depression of endogenous 
respiration and oxidation of the xanthine 
arising from guanine. It is also possible that 



Fig. 2. 

Oxyjn'n HjUaUc ilata stio\\iii}; Itic iiitcrri'lalioii- 
sliips of xaiitliim' mat foUc acUl in n purified 
xniitliiiie (ij:id:i?c preparntion, 

* Aldetiydc-frcc. See text. 


guanase itself is inhibited competitively by 
folic acid. 

In Fig. 2 a typical experiment is presented 
in which a purified xanthine oxidase prepara- 
tion was employed. Here oxidation of xan- 
thine proceeds easily if it is present alone with 
the enzyme. However, this oxidation is 
strongl}^ inhibited by folic acid. Some oxida- 
tion of folic acid appears to occur when it 
is included in the system alone with the 
enzjTue. This oxidation, however, occurs 
very quickly and approaches a maximum in 
about one-half hour. This oxygen uptake 
might conceivably have arisen from oxida- 
tion of aldehydic impurities in the folic acid. 
However, in this experiment aldehyde-free 
folic acid was employed. Therefore, this 
small amount of oxidation appears to arise 
from oxidation of the folic acid itself, although 
the reaction is soon inhibited by the product 
or products formed. WTiether the product of 
the reaction between folic acid and xanthine 
oxidase is identical with the “actb’ated"’ folic 
acid of Jacobson is open to question at this 
time. 

Summary. Folic acid whether commercial 
or aldehyde-free inhibits guanine metabolism 
and endogenous respiration in rat liver homo- 
genates. Oxidation of folic acid itself in such 
systems is not clearl}' evident. 

Oxidation of xanthine by a purified prepa- 
ration of xanthine oxidase is strongly inhibited 
both bi’’ commercial and aldehyde-free folic 
acid. In a system containing only folic acid 
and the enzyme some oxidation of the folic 
acid appears to occur altliough this reaction is 
transient. 

We arc iiulebtod to Dr. I). K. Green of the In- 
stitute for Enzrmc Itese.ircli, University of XYis- 
consin, Madison, for the xanthine oxidase jnejiara- 
tion and aldeliyde-frcc folic acid and to the 
Lcdorle Laboratories Division, American Cya- 
naniid Company. Pearl Diver, X. Y., for the 
fnivite. Tlie aldehyde-free folic acid was a gift 
from the Lederle Laboratories to Dr. D. E. Green. 

Received May P, 1P4P. P.G.E.D.M., 3 P 4 !). 71 . 
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approximately equimolar amounts of folic 
acid. However, these workers observed that 
if folic add is first incubated alone with the 
enzyme preparation the characteristic inhibi- 
tion of xanthopterin oxidation is not ob- 
sen^ed.® They also showed later that this 
inhibitor 3 '- effect is given to a much less ex- 
tent by highly purified folic acid.^ 

Since the structure of the pterin nucleus is 
very similar to certain of the purines and also 
to the flavin prosthetic groups, it is possible 
that inhibition of enzymic reactions by folic 
acid is, competitive in nature. Because of the 
same structural similarities the possibilitj’^ also 
exists that folic acid can be metabolized to 
some extent by the same reactions. We hav'e 
studied this problem in relation to both of 
these possibilities and have concluded that 
inhibition of purine metabolism in vitro by 
aldehj^de-free folic acid does occur. Our 
results also indicate that folic acid itself may 
be metabolized to some extent by the same 
reactions. 

Experimental. In order to obserx'e the 
relationship between the in vitro metabolism 
of guanine, the purine most similar in struc- 
ture to the pterin nucleus and folic acid, 
oxidation was followed using rat liver hemo- 
genates prepared according to a method of 
Axelrod and Elvehjem.® Livers were obtained 
from adult, male albino rats maintained on 
stock ration for several months. The oxida- 
tion of guanine, folic acid and guanine plus 
folic acid was observed for 160 minutes using 
a conventional Warburg apparatus at 30'’C. 
To each flask was added 1 ml of 16.6% 
liver homogenate. The levels of substrates 
employed were as follows: guanine, 0.2 ml 
0.02 M; folic acid, 0.2 ml 0.02 M. In addi- 
tion, 0.2 ml 1 X 10-* JI cytochrome-c and 
0.2 ml water were added to each flask, t^'hen 
both guanine and folic acid were included in 
the same flask, the water was omitted. To 
absorb carbon dioxide, 0.2 ml 10% KOH tos 
included in the center well of each Warburg 

H. M., inid ¥kno>v, H., J. Biol. 
Chem., lots, 1712, 351. 

■iKalckar, H. M., KjeiOgaara, X. O., and 
Kienow, H., J. Biol. Chon., 1948, 174, 771. 

.-.Axelrod, A. E., and Etvcli.iem, C. A., J. Biol. 
Chem., 1941, 140, 735. 



Time In minutes 
Fig. 1. 

O.vrgen uptake data stiowing tJic hifluonee of 
folic acid upon guanine metabolism in rat liver 
lioniogcnato. 

• Aldelij’de-free. See text, 
vessel. 

Since oxidation of .xanthopterin bj' milk 
.xanthopterin o.xidase has been shown to be 
strongly inhibited by samples of folic acid, 
a purified .xanthine oxidase preparation di- 
luted 5-fold with 0.039 iM sodium potassium 
phosphate buffer (pH 7.5) was incubated 
with .xanthine and .xanthine plus folic acid 
(0.2 ml 0.02 M of each substrate). O.xj’gen 
uptakes were followed until oxidation of 
xanthine ceased. 

Folic acid concentrations were made 
equivalent to concentrations of other sub- 
strates in respective e.xperiments in order to 
obserx'e relative oxidation of the substrates. 
Both commercial folic acid (foMte) and an 
aldehx'de-free preparation of folic acid xx’ere 
employed separately to determine if alde- 
hj’de impurities are necessary' for the in- 
hibition of .xanthine o.xidase b}' folic acid. 
.'ill substrates were made up in equivalent 
quantities of alkali. 

Results. .As shown bx- the cun'cs in Fig. 1, 
folic acid stronglj' inhibits endogenous re^i- 
ration in rat lix’er in vitro. -Also metabolism 
of guanine (prcsumab] 3 ' vm guanase to .van- 



Folic Acid and Purine ^Metabolism 


305 


thine and subsequent oxidation of the xan- 
thine) is decreased about 50%. In the 
experiment shorni aldehyde-free folic acid was 
employed although almost exactly similar re- 
sults were obtained when commercial folic 
acid was employed. Because of the struc- 
tural similarities between guanine and folic 
acid it appeared possible that the pterin 
nucleus could be metabolized similarty to 
guanine, i.c., a hydrolysis and subsequent 
oxidation. However, such an effect as this in- 
voUing oxidation would be obscured by the 
depression of endogenous respiration by folic 
acid. It is interesting to note that in the earh’^ 
portion of the curve for flasks containing folic 
acid there is a brief stimulation of oxj-gen 
uptake. 

The similaritj’ of the pterin nucleus to the 
flavin prosthetic groups and purines may 
possibly explain the depression of endogenous 
respiration and oxidation of the xanthine 
arising from guanine. It is also possible that 



, . Tig. 2. 

, “i'tikc flat. a slmwiiif; the intorrel.atioii 

- I's (it xanUimp and folic acid in a purifiei 
x.intliiiie oxidase prciiaralion. 

Aldcliydo-frcc. See text. 


guanase itself is inhibited competitively by 
folic acid. 

In Fig. 2 a tj-pical experiment is presented 
in which a purified xanthine oxidase prepara- 
tion was employed. Here oxidation of xan- 
thine proceeds easily if it is present alone with 
the enzt’me. However, this oxidation is 
strongly inhibited by folic acid. Some oxida- 
tion of folic acid appears to occur when it 
is included in the si'stem alone with the 
enzjTne. This oxidation, however, occurs 
ver\' quickly and approaches a maximum in 
about one-half hour. This o.xygen uptake 
might conceivably have arisen from oxida- 
tion of aldehydic impurities in the folic acid. 
However, in this experiment aldehyde-free 
folic acid was employed. Therefore, this 
small amount of oxidation appears to arise 
from oxidation of the folic acid itself, although 
the reaction is soon inhibited b\' the product 
or products formed, ^^’hether the product of 
the reaction between folic acid and xanthine 
oxidase is identical with the “actiinted'’ folic 
acid of Jacobson is open to question at this 
time. 

Suiiniiary. Folic acid whether commercial 
or aldehyde-free inhibits guanine metabolism 
and endogenous respiration in rat liver homo- 
genates. O.xidation of folic acid itself in such 
systems is not clearly evident. 

Oxidation of xanthine by a purified prepa- 
ration of xanthine oxidase is strongly inhibited 
both by commercial and aldehyde-free folic 
acid. In a system containing only folic acid 
and the enzyme some oxidation of the folic 
acid appears to occur although this reaction is 
transient. 

We are indebted to Dr. D. K. Ureen of tlie In- 
stitute for Enzyme Researcli, Eniversity of Wis- 
consin, Madison, for the xanthine oxidase prepara- 
tion and ,aldohyde-frce folic acid and to the 
Lcdcrle Laboratories Division. American Cya- 
namid Company, Pearl River. N. Y.. for the 
folvite. The aldehyde-free folic .acid nns a gift 
from the Lederle Laboratories to Dr. D. E. Green. 

Received May 9, 1949. r.S.E.R.M., 1949. tT. 
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17173. Inhibition of the Antimalarial Activity of Chlorguanide by Pteroyl- 
glutamic Acid. 

Joseph Greekberg. (Introduced by N. B. Eddy.) 

From the Lahoratonj of Tropical Fisraxes, Microhiolopical luxtitutc, Xationul Inxiitiites of 

Health, Bethesda, Md. 


Chlorguanide ( l-(p-chlorophenyl)-'S-iso- 
propylbiguanide) is a widely used antima- 
larial compound, the activity of which was 
first described by Curd, Davey and Rose.* 
It has been shown to have several interesting 
relationships with sulfadiazine. llTien the 
two drugs are given together there is definite 
potentiation of effect against Plasmodium 
gallhiaceum in the chick.- Some chlorguan- 
ide-resistant strains are hypersensitive to 
sulfadiazine,^ while others are resistant to 
sulfadiazine.* P-aminobenzoic acid will an- 
tagonize the antimalarial activity of sulfa- 
diazine®-® but not that of chlorguanide.* The 
mode of action of these two drugs is thus not 
identical but is probably very closely related. 
It is known that pteroylglutamic acid (PG.A) 
can inhibit the activity of sulfonamides.'* 
Experiments were, therefore, undertaken to 
see if PGA would interfere with the activity 
of chlorguanide. 

Materials and Methods. The tests were 
conducted according to a procedure previ- 
ously described.® New Hampshire Red 
Chicks, maintained on a commercial starting 
mash (Purina Startena), were used through- 

1 Curd, F. H. S., Davoy, D. C., and Rose, F. L., 
Ann. Trap. He<l., 1945, 39, 208. 

•s Greenberg, J., Boyd, B. L., .nud Joseplison, 
E. S., J. Fharm. Exp. Therap.. 1948, 94, GO. 

.1 Greenberg, J., J. Xat. Malaria Soc., 1949, 
8, SO. . 

rBislioi), A., and McConnacliie, E. IV., Xatnre, 
1948, 1C2, 541. 

5 itaier, J., .iiid Riley, E., Proc. Soc, Exp. Biol. 
AND Med., 1942, 59, 152. 

liMarsliall, E. K., Litclilield, .T. T., .Tr., and 
Wiiite, H. J., .1. Pharm., 1942, 75, 89. 

' B.-iinpen, J. 0., nnd .Tones, M. J., J. Siol. 
Chein., 1940, 104, 485. 

8 Coatney, G, R., .md Sebrcll, Vt. H., In F, Y. 
IViselogte’s “A Survey of Antim.alari.il Drugs, 
1941-1945.” J. IV. Edwards, Ann Arbor, Jlicli., 
194G. 


out. The birds were one week old at the 
start of an e.xperiment and weighed 42 to 
45 g. Treatment was administered twice 
daily for 4 days beginning 4 to 5 hours before 
intravenous inoculation with 16 x 10® chick 
erythrocytes parasitized by P. gallinaceum. 
Parasite counts (parasitized erythrocytes per 
10* erj'throcytes) were made on the morning 
of the 4th day after inoculation of parasites 
(day of inoculation is day O). A dosage level 
of drug which causes a 75% reduction in 
parasitemia in the treated chicks as compared 
with untreated controls is considered the 
minimum effective dose. Chlorguanide 
hydrochloride was administered orally in 
aqueous solution by catheter and pteroyl- 
glutamic add was administered at the same 
time and by the same route, in gelatin 
capsules. 

Experimental. The minimum effective 
dose of chlorguanide has been found to be 
about 0.002 mg/g twice daily for 4 days. 
Pteroylglutamic acid alone has no significant 
effect on parasitemia. When the 2 compounds 
were administered together (Table I), 
pteroylglutamic add at 0.002 mg/g did not 
inhibit the antimalarial activity of chlor- 
guanide. However, PG.A at 0.02 mg/g sig- 
nificantly but not completely inhibited the 
effect of chlorguanide; no further inhibition 
was produced by 0.2 mg/g. Larger doses of 
chlorguanide were partial!}' inhibited by PG.A. 

Pteroylglutamic acid at 0.2 mg/g body 
weight completel}’ inhibited the minimal effec- 
tive dose of sulfadiazine, but it had no effect 
on the antimalarial activity of quinine, chloro- 
quine or pamaquine (Table II). 

Discussion. The fact that pteroylglutamic 
acid can inhibit the antimalarial activity of 
chlorguanide is not proof that chlorguanide 
is a direct antagonist of PG.A. It is possible 
that the parasite may be able to use PG.A to 
sjmtliesize another metabolite with which 
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TABLE r. 


Inliibition by Pterovlglutamic Acid of the Antimalarial Activity of Clilorguanide Against 
Fldsmodiiim gatlinaccum in the Chick. 


Xo. chicks 

Dose of 

Clilorgu.aiiide HCl 
(mg/g b.i.d. 
for 4 days) 

Dose of 

Pteroylglutaniic acid 
(mg/g b.i.d. 

4 days) 

4tli day 
parasitemia 

(parasitized errthrocytes 
per 101 erythrocytes) 

Esp. 1 

10 



8070 -+■ 

175 


5 

.002 

— 

1074 -4- 

304 


5 

.002 

.002 

0.00 

404 


5 

.002 

.02 

3540 -4- 

55S 


5 

.002 

o 

3425 -4- 

748 

Exp. 2 


10 



— 

0840 -4- 

310 


0 

.002 

— 

44 -4- 

25.1 


5 

.004 

— 

44-4- 

36.0 


5 

.008 

— 

0 -4- 

1.0 


0 

.002 

o 

5140-4- 

270 


0 

.004 

n 

1S5S -4- 

937 


5 

.008 

o 

278 ± 

219 

Exp. 3 


10 

— 

— • 

6700 

213 


0 

.002 

— 

628 -4- 

107 


5 

.002 

.02 

4520 -4- 

1010 


5 

.002 

<o 

3700 ± 

203 


TABLE IL 


Effect of Ptero.vlglutamic Acid on the Antimalarial Activity of Quinine, Pamaquine, Cliloro- 
quine and Sulfadiazine. (Five chicks were used in each group). 



Dosage 
mg/g twice 
daily 
for 4 days 

Dosage of 

pteroylglutamic acid 
mg/g twice dailv 
for 4 days 

4th day p.arasitcmia 
(parasitized erythrocytes/ 
104 erythrocytes) 

Untreated 

— 

— 

7244 

Quinine hydrochloride 

.01 



0000 


.02 

— 

942 


.02 

O 

790 

Oliloroqiiine diphosphate 

.001 



4100 


,002 

— 

30 


.002 

n 

s 

Pamaquine citrate 

.0005 



4762 


.001 

— 

208 


.001 


108 

Sulfadiazine 

.015 

_ 

4120 


.03 

— 

2170 


.03 

o 

7280 


chlorgiianide directly competes. The fact 
that it requires about 5 molecules of PGA 
to inhibit significant!}' the effect of one 
molecule of chlorguanide, and that not even 
30 molecules of PGA can completely inhibit 
the effect of one molecule of chlorguanide 
might indicate that chlorguanide is doing 
more than competing with PGA. However, 


the h}'pothesis that chlorguanide is a PGA 
antagonist is an appealing one in view of the 
relationship between chlorguanide and sulfa- 
diazine, and between the latter and pteroyl- 
glutamic acid. In this connection we have 
found (unpublished data) that 2, 4-diamino- 
6. 7-diphenylpterin which is believed to stop 
bacterial gronth by prei'enting the use of 
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PGA,® behaves similarly to chlorguanide in 
P. galUmccum infections. It potentiates 
sulfadiazine to about the same degree as 
chlorguanide and its activity is partially in- 
hibited by the same amounts of PG.A as are 
required to inhibit chlorguanide. If chlor- 
guanide should prove to be a PG.'li antagonist, 
this fact would be highly significant in 
the development of chemotherapeutic agents 
for malaria and other diseases as well as for 

0 Dnniel, Jj. J., and Jvonis, h. C., J. Biol. Chcm., 
1947, 170, 747. 


the study of the metabolism of the malaria 
parasite. 

Summary. The antimalarial activity oi 
chlorguanide against Plasmodium galUnacom: 
in the chick could be significantly but not 
completely inhibited by pteroylglutamic add 
in vivo. Pteroylglutamic acid had no sig- 
nificant effect on the antimalarial actidty of 
quinine, chloroquine or pamaquine, but com- 
pletely inhibited the effect of sulfadiazine. 

Received May IS, 1949. P.S.K;B.ir., 1949, 71. 


17174. Pancreatic Islet Hyperplasia in 'Rats Force Fed High Carbohydrate 
Diets. 


Robert W. Wissler, John W. Findley, Jr. and Lawrence E. Frazier. 
From the Departments of Pathology and Medicine, Vniversity of Chicago. 


■Although both the cat and the dog may 
develop islet degeneration and irreversible dia- 
betes after prolonged periods of hypergly- 
cemia,^"® permanent diabetes has not been 
produced in the rat by methods short of par- 
tial pancreatectomy or alloxan treatment. After 
noting the ease with which Ingle produced 
chronic glycosuria in the rat by force feeding 
a high carbohydrate diet," it occurred to us 
that it might be of interest to perform a similar 
experiment and examine the islets of Langer- 


han.s. 

Plan of experiments. Two groups of 6 male 
albino rats of Sprague-Dawley strain were sub- 
jected to force feeding of gradually increasing 
quantities of high carbohydrate rations until 
gljfcosuria was sustained. IVeights and urin- 
L'y glucose e.xcretion were determined at fre- 
quent intervals. Rats which died during the 


1 Homniis, .1.. d. Med Bcs.. 1914. 30, 49. 
3 lIotnans, J., J- Med. Pcs., 1915, 33, 1. 

;i .Allen, F. Jt.. J. Mctah. Pcs.. 1922, 1. 75. 

1 Copp, B. F. F., nnd Barclay, -A. J., d. Metah. 
s., 1923,4, 445. 

r.Dohan, F. C., .and Lukens, F. D. M., Petenec. 
47, 105, 1S3. 

« Dolmn, F. C., .an<t Bukens, F. D. IV.. Fnaoc 
ml 194S. 42, 244. 

7 Ingle, D. J., Fndncrinnl., 1940, .3!), 4.1. 


experiment as well those which sutvived for 
the entire e-xperimental period of 56 days 
were e.xamined grossly and histologically, es- 
pecial attention being given the appearance of 
the pancreatic islets. 

Rations, method oj feeding and urine glu- 
cose determinations. A liquid ration contain- 
ing about 50% carbohydrate was force fed 
to each group. The ration fed Group I 
(Table I) was slightly modified from that 
described by Ingle." The ration fed Group H 
was similar except that the carbohydrate was 
all glucose. The latter diet was employed 
with the thouglit that intestinal absorption 
might be faster and more complete, thus mak- 
ing it possible to obtain higher levels of blood 
glucose. The rations were force fed 2 times 
per da\' at about S a.m. and 5 p.m. by means 
of the technic described by Shai’ and Gruen- 
stein.® Starting with 6 ml per rat the daily 
portions administered were increased by 4 
ml per day until 26 ml were being given. 
This quantity was maintained for a week to 
accustom the rats to the method of feeding 
and to avoid “food-shock”." Following this 
the quantities of ration were gradually tn- 

■‘-Shiiy, H.. .and (IruoiKtoiii. M.. d. lah. and t hn. 
3lrd., 1940, 312, 3.384, 




IsiET Hyperplasia by Force-feedixg 


309 


TABLE I. 


Composition of Eations for Force Fceiling. 


Constituents 

TTnits ■ 

Eat ion I 
(Grouj) I) 

Eation II 
(Group II) 

Egg albumin 

ft 

8 

8 

Brewers veast 

y 1 


5 

Corn starch 



— 

Dextrin 

>9 

12.5 

— 

Glucose 

y y 

12.5 

50 

Buff ex 

y 9 

0 

G 

Salt mixture 

9 9 

0 

0 

Wheat germ oil 

9 y 

5 

5 

Corn oil 

9 9 

10 

10 

Oleum pcrcoinorphum 
Vitamin A 

T7..S.P. units 

200 

200 

’• D 

> > 9 9 

29 

29 

’• K 

nig 

0 

5 


AVater to make total of 100 ml added to each ration. 


creased as tolerated until 68 ml tvere being 
given daily. Each group of rats was housed 
in wire bottomed cages and allowed water 
ad libitum. Beginning on day 7 and on 
alternate days thereafter the rats of each 
group were placed in individual metabolism 
cages and their urine was collected under 
toluol for a 24-hour period for qualitative and 
quantitative glucose determinations. Quali- 
tative determinations were performed with 
0.5 ml of urine and 5 ml of Benedict's solu- 
tion which were mixed and heated in a boiling 
water bath for 5 minutes. Quantitative 
urine glucose determinations were performed 
using Benedict’s method when the qualitative 
test showed 2-f or more. 

Histologic preparations. .All tissues were 
fixed in Bouin’s solution and imbedded in 
paraffin. The sections of pancreas were pre- 
pared in Dr. Gomori’s laboratorj- and stained 
with the chrome hemato.xylin and phlo.xine 
stain.® Hematoxylin and eosin stained sec- 
tions of liver, stomach, kidney, thi-mus, and 
adrenal were examined from all animals and 
lung, skeletal muscle, mediastinum and testis 
were studied from selected animals. 

Experimental results. The quantity of diet 
administered daily, the average body weights 
and the urinary glucose values for Group I 
are summarized in Fig. 1. It is apparent that 
increasing the diet intake from 26 ml per day 
to 6S ml per day resulted in a steady increase 
in body weight amounting to an average 

>' Giiimiri.'O., .1,,,. .r. Path.. miT It 731'.L ' 


weight gain of almost 200 g for the 8 week 
period. Urinarj^ glucose became apparent 
on the 15th day and was excreted by the ma- 
jority of the animals of this group in quanti- 
ties varying from 0 to 1.48 g per day for the 
remainder of the experiment. The animals of 
this group appeared in moderately good health 
and only one rat succumbed before the ter- 
mination of the experiment, due to suffocation 
from aspirated diet. 

The response of the rats of Group 11 to the 
ration containing only glucose as the carbo- 
hj’drate source differed from those of group 
I, which received the mixed carbohi'drate ra- 
tion in the following respects; the animals 
tolerated this ration much more poorly and 
developed signs of food-shock on several oc- 
casions, necessitating the interruption of the 
steady increase of daily rations. Three of the 
6 rats succumbed early in the experiment, 2 
from food-shock and 1 from false passage of 
the stomach tube. Two of the remaining 3 
rats died before the end of the experiment, 1 
of food-shock and 1 of aspiration of diet. The 
2 rats which surx-ived beyond the 35 th day of 
the experiment consistentlj' showed more 
urinaty glucose than the rats of Group 1. 
-Acetone was noted on 3 occasions in the urine 
of these rats. 

At necropsy the only consistently noted 
gross change was marked obesity in rats 
which had been force fed either ration for 30 
or more daj’S. 

The significant histologic findings in these 
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DAYS 
PlO. 1. 

■Weights, dietary iufahes and urinary glucose excretion of rats force fed Diet T. 

rats are summarized in Table II. The most changes were well developed in the rats which 
striking changes were apparent in the islets of succumbed at 32 and 38 days and tended to 
Langerhans. All animals ivhich had received increase as the rations were fed for longer 
either ration for 32 days or longer showed interx’als. In most instances the average islet 
marked hyperplasia of these structures, ac- diameters were 2 to 4 times greater than tliose 
companied by a consistent decrease in granu- of control animals. There was no evidence 
lation of the beta cells ( Fig. 2 and 3 ) . These that the rats of Group II showed more marked 


TABLE II. 

Histological Findings in Rats Force Fed High Carbohydrate Diets. 


Time 

force 

Pancreas 

\<lrennl 

fed, 

days 

jFll't 

Iivpcrplnsia 

Dt'grnnulation 
of beta cells 

cortical 

hyperplasia 

So 

+++ 

FFF 


So 

++++ 

•FFF 


55 

4-4--}- + 

FFF 

+ 

55 

+ + + 

FFF 


38 

+++ 

F'FF 


55 

++++ 

•FF-f* 

r) 

55 

++ + 

FFF 


14 

+ 

FF 

0 

10 

0 

F 

0 

14 

F 

F F 

-f.-i.-j- 

32 

FF 

FFF 

0 

51 

FFF 

-h'F-i' 

0 


Thymic 

atrophy 


Gljcogcn 


-f F 

4 — h 4 — h H 

+ + + + 0 

+++ + 

+ 0 

+ 4-+ +F 


+++ + 
+ 
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TPia. 2. 

Typioiil paiiproalic islet from rat Il-it wliicli died after only 
10 days of force feeding. Note tlie almost normal a])j)carancc_f)f 
llic islet cells. (,'lirome-Iieinatoxyliii and plilo.xine stain. X loO. 



Flfi. .1. 

Tyiiieal V''"'ereatic islet from rat 11-1 wliieli was saeritieed 
after .111 dii.vs of force feediiij;. Note Hie inarlied liyperplasia of 
the islet cells with almost complete deirraiiulatiou of the lieta cells. 
Chrome Iiemaloxylin and phloxiiie stain. X loO. 


cliangc.s. .Although the jiilfalls of evaluating 
islet volume from examination of a single sec- 
tion through the pancreas are well estab- 
lishetl,”’ these hyperpla.stic changes were .so 
uniform and conspicuous that there is little 
doubt of their significance. Furthermore, the 
recent study of Tcjning” gives us added con- 
fidence in the validity of our interpretation. 

Uiclianlson, K. and T. 0., 


After detailed studies of pancreatic islet vol- 
umes, this investigator concluded tliat if one 
finds in a section of pancreas a number of 
islets that are larger than normal, one can 
conclude that the total volume of islet tissue 
is also greater than normal. No evidence of 
necrosis, hydropic change, hemorrhage, in- 
flammation or absolute decrease in l>eta cells 

• I Tejiiiiig, S., Arid Mcil, Sc.’iiidiii.'iv. Sui))!,, lOS, 
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was apparent in any of the sections. 

Other significant histologic findings consis- 
ted of a somewhat variable but often marked 
increase in glycogen in the liver cord cells, 
sometimes accompanied by slight large drop- 
let fatty change. The stomachs of the rats 
which had been force fed for a period of 30 
days or more showed a spectacular hj’pertro- 
phy of the muscularis but no other abnorm- 
ality. The thymus glands showed microscopic 
evidence of atrophy in only 3 rats, and this 
was in no instance well developed. The other 
organ showing rather consistent alteration was 
the adrenal. Here there was a moderate cor- 
tical h}T3erplasia which was evident in 7 rats. 
There was no apparent correlation between 
the adrenal cortical hj-perplasia and the thy- 
mic atrophj'. 

The kidneys as well as the skeletal muscle 
and the structures of the mediastinum re- 
vealed no significant histologic changes in the 
instances in which they were examined. Un- 
fortunately, the testes were studied micro- 
scopically in only one rat (number 4, Group 
I). Here the tubules were of normal size and 
cellularity and spermatogenesis was apparent- 
ly active. 

Dhcussion. Our data are not complete 
enough to warrant conclusions to be drawn 
regarding the adrenal cortical hyperplasia. 
The similarly treated rats of Ingle" uniformly 
showed grossly enlarged, dark red, adrenal 
cortices. The findings may be due to the 
very large amounts of carbohi’drate adminis- 
tered, to the stress incident to the acts of 
force feeding, or to some other factor. High 
protein diets have been reported to cause 
adrenal cortical enlargement,’- but the pro- 
tein contained in the diets fed to our rats 
probably was not sufficient at any time to 
cause such changes. 

The concentration of sugar in the blood has 
repeatedlv been found to affect islet struc- 
ture and volume. The islet cell degeneration 
produced by partial pancreatectomy and/or 
anterior pituitary extract injections in the 
do”- and cat can be prevented or, in certain 
instances, reversed by a l ow carboh ydrate 

II., Endocrinol., 1943, H-, 403. 


intake, insulin, or phloridzin.’-'’''’ Rabbits 
treated with alloxan develop hydropic degen- 
eration of the islets after about one month of 
marked hyperglycemia.” Corpaci believed 
that he had increased islet volume and pro- 
duced damage of islet, cells in rabbits by re- 
peated parenteral injections of glucose and 
adrenalin, but the evidence is not conclusive,’^ 
Similar e.vperiments m'guinea pigs by Jlencg- 
hini, using glucose alope, are reported to have 
caused islet hyperplfeia.’'* Careful studies 
have shown- that rataj^d^a high carbohydrate 
diet ad libitum de\'el6p pancreatic islet vol- 
umes that are significantly greater than those 
fed ad libitum other tyTies of diets.” Evi- 
dence has been obtained of both hyperplasia 
and e.xhaustion of guinea pig islets after con- 
tinuous infusions of large amounts of glu- 
cose,’*-’® In e.xperiments lasting not more 
than 100 hours, dogs killed by the continuous 
intravenous administration of glucose were 
found to have specific intense hemorrhages 
info and destruction of the pancreas and hy- 
pophysis.”* Special studies of islets were not 
reported. Finally, clinical diabetes has been 
produced in an intact cat after 39 days of in- 
traperitoneal glucose injections, and part of 
a series of cats treated in this way developed 
marked hydropic degeneration of the islets,’’’® 
Verzar and von Kuthy produced hc.avy 
glycosuria, mild hyperglycemia, and, on rare 
occasions, ketonuria in dogs b\' force feetiing 
solutions of glucose and sucrose for ser’Cra! 
weeks.-® Glucose tolerance was thereby im- 
paired but soon returned to normal. Post- 
mortem e.xaminations are not recorded. 

Degeneration of rat pancreatic islets has 
not been produced by hyperglycemia. Lukens 

i-v Liikwis, f. D. W.. Iloltan, F. 0., .iml M’ol’ott, 
M, W., Endocrinol., 1943, 32, 47,3. 

H Duff, G. h., JteMiilJiii. G. .and Wilson, P. 
C., Froc. Soc. Exv. Biol, axd 1947, «4, 231. 

l’-* Corimci, A., .’tprrimrnlnir, Arch, di hiol., 193'1, 
«0, 129. 

l« Aleiirgirmi, T., GinccnlotiUi, 1939. .739. 

nWoerner, C. A., Anal. lire.. 193S, 7t. .l.L 
isWoenicr, C. A., Anal. Ere., 19.39. T.T, 91 
If Jacobs, If. K., .and Cohvei!, A. B-. Am. d. 

riivsiol, 193G, ilG, 1!>4. 

vovmdr, T., and von Kntb.v- .V, Vflnryer’n 
Arch. f. d. ptsani. riijiAo!.. 1930, 32-», LOii. 
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and Dohan examined the pancreatic rem- 
nants of rats that had had pronounced hyper- 
glycemia for from 2 weeks to several months 
following partial pancreatectomy and found 
almost no damage.-^ In similarly treated 
animals hvperplasia instead of damage was re- 
ported by Friedman and IMarble." The 
same type of change was observed after the 
administration of anterior pituitary extract.*® 
In order to produce glycosuria consistently in 
the rat with anterior pituitary extract, partial 
pancreatectomy is necessary,-^ although 
adrenal steroids cause temporary insulin re- 
sbtant diabetes.-* However, Peterson has re- 
cently reported complete degranulation of rat 
islet beta cells within 15 minutes of the intra- 
cardiac injection of 3.0 g of glucose/kg.-^ 
This lasts 48 hours and is associated with 
temporaiy impairment of glucose tolerance. 
Similar but less consistent degranulation was 
found after one intraperitoneal injection of 

-' Lukt"!)?, F. D. tv., nnd Doli.in, F. C., Kii- 
(lorriiinl., lf*42, 30, 17.S. 

--Friedman, X. B., and Marble, A.. luirinrriiiol., 
low, 20. r.77. 

-3 Long, C. X. II., narvcij Led., 1930-37, 32, 
194. 

Inplo, D. .1., Sheppard, R.. Evans, .T. S., and 
Knizoiiga, M. H., LtitJoerino!., 1945, 37, 341. 

2.'> Peterson, C. A.. Pp.oc. Soc. E.\p. Biol, .v.vd 
Med.. 1949, 70. 3.12. 

-‘tGoninri, G., Friedman, X. B., and Ualdwell, 
D. W., Piioc. Soc. Exi*. Biol, .v.nd Med., 1939, 
41. ,107. 


glucose in the guinea pig by Gomori el a!.-'' 

In canine anterior pituitary diabetes, pro- 
liferation of the islet cells may precede the 
exhaustive or degenerative changes which ac- 
company' the onset of permanent diabetes.-' 
Our observations indicate that the carbohy'- 
drate tolerance increased -nith each increase 
in feeding, glycosuria decreasing when the diet 
was maintained at a level which had initially 
caused moderate sugar excretion. This adap- 
tation is evidently implemented by islet hyper- 
plasia. Although it might be possible to pre- 
vent hyperplasia and produce islet damage 
by increasing the volume of food more rapidly- 
this would probably be difficult without caus- 
ing fatal “food-shock.” It is conceivable that 
some relatively' small additional stimulus, per- 
haps the administration of anterior pituitary 
extract or adrenal steroids, might have pro- 
duced exhaustion of the islets of our rats. 
Older rats may be more susceptible."* 

Summary. Degranulation of beta cells of 
the pancreatic islets and islet hyperplasia have 
been observed in rats which were force-fed 
large amounts of high carbohydrate, otherwise 
balanced diets for periods of as long as 8 
weeks. Glycosuria and, in rare instances, 
ketonuria occurred. 

27 Richardson. K. C., and Youn|;, F, G., Lniieel, 
1938, 1, 1098. 

2S Martinez, C., Lcr. .I.tor, vied, argent., 1940, 
CO, 600. 
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The problem of maintaining mammalian 
cells ill vitro for long intervals in an original 
or lightly patched plasma base may be broken 
down into two aspects; (a) the avoidance of 
calcification during the usual transfer inter- 
vals of two to four weeks and (b) the prob- 
lem of an inorganic aging which complicates 


more prolonged maintenance. Though the 
control of calcification difficulties during 
the usual transfer intervals seems feasible by 
the measures summarized in the preceding 
paper.* solution of the long-term problems 

» If.uiks. ,1. H.. Fiioc. Soc. Exp. Biol, .vkd Men., 
1949. 71, .328. 
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Islet Hyperplasia by Force-Feeding 


was apparent in any of the sections. 

Other significant histologic findings consis- 
ted of a somewhat variable but often marked 
increase in glycogen in the liver cord cells, 
sometimes accompanied by slight large drop- 
let fatty change. The stomachs of the rats 
which had been force fed for a period of 30 
days or more showed a spectacular hypertro- 
phy of the muscularis but no other abnorm- 
ality. The thymus glands showed microscopic 
evidence of atrophy in only 3 rats, and this 
was in no instance well developed. The other 
organ showing rather consistent alteration was 
the adrenal. Here there was a moderate cor- 
tical hyperplasia -which was evident in 7 rats. 
There was no apparent correlation between 
the adrenal cortical hyperplasia and the thy- 
mic atrophy. 

The kidneys as well as the skeletal muscle 
and the structures of the mediastinum re- 
vealed no significant histologic changes in the 
instances in which they were examined. Un- 
fortunately, the testes were studied micro- 
scopically in only one rat (number 4, Group 
I). Here the tubules were of normal size and 
cellularity and spermatogenesis was apparent- 
ly active. 

Discussion. Our data are not complete 
enough to warrant conclusions to be drawn 
regarding the adrenal cortical hyperplasia. 
The similarly treated rats of Ingle' uniformly 
showed grossly enlarged, dark red, adrenal 
cortices. The findings may be due to the 
very large amounts of carbohydrate adminis- 
tered, to the stress incident to the acts of 
force feeding, or to some other factor. High 
protein diets have been reported to cause 
adrenal cortical enlargement,^- but the pro- 
tein contained in the diets fed to our rats 
probably was not sufficient at any time to 
cause such changes. 

The concentration of sugar in the blood has 
repeatedly been found to affect islet struc- 
ture and volume. The islet cell degeneration 
produced by partial pancreatectomy and/or 
anterior pituitary extract injections in the 
do<^ and cat can be prevented or, in certain 
ins”tances, reversed by a l ow carbohyd rate 

H., EmlocrinoL, 3943, 32, 403. 


intake, insulin, or phloridzin.^-*-” Rabbits 
treated with allo.xan develop hydropic degen- 
eration of the islets after about one month of 
marked hyperglycemia.” Corpaci believed 
that he had increased islet volume and pro- 
duced damage of islet-, cells in rabbits by re- 
peated parenteral inj^tions of glucose and 
adrenalin, but the, evidence is not conclusive.'” 
Similar experiments in' guinea pigs by Itleneg- 
hini, using glucose alofife, are reported to have 
caused islet hj'perplalia.^'' Careful studies 
have shown-' that rats/^^ high carbohydrate 
diet ad libitum dev'elop pancreatic islet vol- 
umes that are significantlj'^ greater than those 
fed ad libitum other types of diets.” Evi- 
dence has been obtained of both hj^erplasia 
and exhaustion of guinea pig islets after con- 
tinuous infusions of large amounts of glu- 
cose.'"-'® In experiments lasting not more 
than 100 hours, dogs killed by the continuous 
intravenous administration of glucose were 
found to have specific intense hemorrhages 
into and destruction of the pancreas and hy- 
pophysis.'® Special studies of islets were not 
reported. Finally, clinical diabetes has been 
produced in an intact cat after 39 days of in- 
traperitoneal glucose injections, and part of 
a series of cats treated in this way developed 
marked hydropic degeneration of the islets,®-® 
A’erzar and von Kuthj^ produced heavy 
glycosuria, mild hyperglycemia, and, on rare 
occasions, ketonuria in dogs force feeding 
solutions of glucose and sucrose for several 
weeks.®® Glucose tolerance was thereby im- 
paired but soon returned to normal. Post- 
mortem examinations are not recorded. 

Degeneration of rat pancreatic islets has 
not been produced by hyperglycemia. Lukens 

isLukens, F. D. W., Dolian, P. C., .and Wofcott, 
jr. Endocrinol, 1943, 32, 4 - 5 . 

H Duff. G. L., McJtillaii, G. C., .mt! Wilson, V. 
C., Phoc. Soc. E-xp. Biol, axd Med., 1947, 64, 2al. 

13 Corpaci, A., Spcriyitcntnle, Arch, di Tiiol, 1932, 
86, 129. 

!« Meneghini, T., Ginccolnijia, 1039, 3, 539. 
iTWopmer, C. A., Anat. Eec., 193S, 71, 33. 
iSVVoenier, C. A., Anat. Ere., 1939, 75, 91 
i»J,acobs, H. E., and Cohvpll, A. E., Am- J- 

Physiot., 1936, 110, 194, 

20 Yerzar, P,, .uid von EuGi.v, A„ Pflnegcr s 
Arch. f. d. gesam. Physiol., 1030, 22o, 600. 
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and Dohan examined the pancreatic rem- 
nants of rats that had had pronounced hyper- 
glycemia for from 2 weeks to several months 
following partial pancreatectomy and found 
almost no damage.-^ In similarly treated 
animals hyperplasia instead of damage was re- 
ported by Friedman and hlarble.-- The 
same type of change was obserx-ed after the 
administration of anterior pituitary extract.^® 
In order to produce glycosuria consistenth- in 
the rat with anterior pituitary extract, partial 
pancreatectomy is necessary,-® although 
adrenal steroids cause temporary insulin re- 
sistant diabetes.-’^ However, Peterson has re- 
cently reported complete degranulation of rat 
islet beta cells within 15 minutes of the intra- 
cardiac injection of 3.0 g of glucose/kg.®® 
This lasts 48 hours and is associated with 
temporari- impairment of glucose tolerance. 
Similar but less consistent degranulation was 
found after one intraperitoneal injection of 

siliUki’ns, F. D. ^V., and Dohan, F. C., En- 
thmiwl. 1942, 30, 175. 

--Friedman, X. B., and llarble, -V., Endocrinol., 
1944. 20, 577. 

-•■iLong. C. X. H., Earven Led.. 193C)-37. 32, 
194. 

-* Ingle, D. J., Sheppard, R., Evans, .T. S.. and 
Kumenga, M. H., Endocrinol., 1945, 37. 341. 

Peterson, C. A., Proc. Soc. Exp. Biol, and 
Med., 1949, 70, 352. 

-a Gomori, 6.. Friedman, X. B., and Caldwell, 
D. tv;, Pp.oc. Soc. Exp. Biol, and Med., 1939, 
41, ,507. 


glucose in the guinea pig by Gomori ci 

In canine anterior pituitary diabetes, pro- 
liferation of the islet cells may precede the 
exhaustive or degenerative changes which ac- 
compan\r the onset of permanent diabetes.-" 
Our observations indicate that the carbohy- 
drate tolerance increased with each increase 
in feeding, glycosuria decreasing when the diet 
was maintained at a level which had initially 
caused moderate sugar e.xcretion. This adap- 
tation is evidently implemented by islet hj-per- 
plasia. Although it might be possible to pre- 
vent hyperplasia and produce islet damage 
by increasing the volume of food more rapidly 
this would probably be difficult without caus- 
ing fatal “food-shock.” It is conceivable that 
some relatively small additional stimulus, per- 
haps the administration of anterior pituitary 
extract or adrenal steroids, might have pro- 
duced exhaustion of the islets of our rats. 
Older rats may be more susceptible.-® 

Suntntary. Degranulation of beta cells of 
the pancreatic islets and islet hyperplasia have 
been observed in rats which were force-fed 
large amounts of high carbohydrate, otherwise 
balanced diets for periods of as long as S 
weeks. Glycosuria and, in rare instances, 
ketonuria occurred. 

2" RicUardson, K. C., and Young, F. G., I.oiicr(, 
193S, 1, 109S. 

2S Martinez, C., Eev. Asoc. mcd. nrflcnt., 1940, 
60, 66G. 
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The problem of maintaining mammalian 
cells in vilro for long intervals in an original 
or lightly patched plasma base may be broken 
donn into two aspects; (a) the avoidance of 
calcification during the usual transfer inter- 
'als 0 ! two to four weeks and (b) the prob- 
em of an inorganic aging which complicates 


more prolonged maintenance. Though the 
control of calcification difficulties during 
the usual transfer intervals seems feasible by 
the measures summarized in the preceding 
paper,' solution of the long-term problems 

I Itaiiks, ,1. H., Proc. Soc. Exr. Biol, and Mrj>.. 
1949. 71, ,328. 
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arising from inorganic aging appears more 
formidable. 

It- is a classical observation that even in 
, the absence of evident calcification the plasma 
layer of cell cultures gradually becomes less 
and less favorable to cell growth. Simms and 
Stillman- have presented evidence that tryptic 
digestion removes from adult tissues and from 
the plasma of cell cultures an inhibitor having 
some of the properties of calcium phosphate. 
It is also known that inorganic gels undergo 
changes in viscosity, pH, extinction coeffi- 
cients, and other physical properties during 
aging. These changes can be e-\plained in part 
by preferential liberation and adsorption of 
ions, that is by ionic e.xchange.® Particularly in 
circumstances where a gel is in contact with 
supernatant fluids which are changed re- 
peatedly, the concentration of preferentially 
adsorbed ions will become radically different 
from the ionic anal 3 ’sis at the moment the gel 
is formed."* Such procedures are an inherent 
feature of the long-term tissue culture tech- 
nics. 

It is the purpose of the present communi- 
cation to present evidence concerning the ad- 
sorption of calcium by the plasma layer of 
tissue cultures and the difficulty of decalcify- 
ing this substrate. Methods have been sum- 
marized in the preceding paper.* 

Experimental observations. The firmness 
with which calcium and phosphates are ad- 
sorbed to the plasma layer became apparent 
as the result of attempts to remove opacity 


balanced salt solution or weaker acids in the 
balanced salt solution likewise failed to dear 
the plasma before the cells were irreparably 
damaged. The deposits were rapidly removed 
by N/10 HCl, which was fatal to cells. Opti- 
mal cell survival followed rapid clearing of the 
plasma in N/40 HCl in the salt solution for 
5 to, 20 minutes as required. Since the com- 
plicated procedure required to effect this result 
and obtain prompt neutralization without 
cell damage is not to be recommended,* these 
observations are summarized only in order to 
illustrate the fact that the Ca adsorbed by the 
plasma is not brought into solution by com- 
plex-forming anions such as citrate and is 
liberated only' by ionic exchange with fairly 
high concentrations of H ion. 

Other evidence of the role of ionic exchange 
in the inorganic aging of plasma was obtained 
from data on the increased deposition of Ca 
in the plasma layer during repeated renewal 
of cultures with supernatant fluids which do 
not produce calcification within the usual 
transfer intervals. After 6 weeks of cultiva- 
tion in media composed of human serum 
and beef embryo juice 4% diluted in the 
salt solution containing Ca 5 mg% and P 2.2 
mg% (si.x renewals) the slightly opalescent 
plasma layers of 10 cultures were rinsed and 
extracted with N/10 HCl. Anah'sis revealed 
that this plasma contained from 24 to 40 
mg^ of Ca, i.e., three to five times the original 
concentration of Ca in the plasma. 

When the same formula (sera 40%, embryo 


from cell colonies and plasma which had be- 
come calcified. This opacity could not be 
diminished by using supernatant media pre- 
pared by diluting the serum and embrym juice 
in salt solution lacking both Ca and P or by 
prolonged depression of pH during cultiva- 
tion within phj'siological limits of H ion con- 
centration. Incorporation of 0.1 to 0.2% 
sodium citrate in media of minimal Ca and P 
levels or in mildly acidified washing solutions 
killed the cells without clearing the plasma. 
Direct extraction ivith N/lOO HCl in the 

2 Simms, H. S., and Stillm.an, N. P., J. Gni. 
Pliysiot., 193", 20, 603. 

3 Hanks, J. H., and Weintraub, H. L., /. Phys. 


Clicm., 1937, 41, 583. 

■» Jenny, H., J. Pti’js. Clicm., 1932, 


36 , 2217 . 


A more pr.acticai procedure is tlie complete re- 
moval of opaque plasma by digestion with 0.5% 
trvpsiu or pancreatiii in the salt solution at pH 
7.8. This process must he watched carefully and 
stopped before the naked cells, which retract 
around the e.vpiants, .ire washed away (all liber- 
ated fibroblasts appear to be damaged). Since di- 
gestion is never completed simultaneously in all 
cultures, the simplest procedure is to replace the 
digestion mixture in e.ach culture with two drops 
of 50% plasma at the appropriate moment, to e.v- 
hale alveolar air to depress the pH, and to stopper 
quickly. The liquid plasm.a should be rolled around 
the culture vessels several times and then he 
allowed to cover the cxplanfs and establish a bond 
with the wet glass before the third drop of medium 
or coagulant is added to induce simultaneous co- 
agulation in all cultures thus accumulated. 
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juice 4%) is prepared in salt solution lacking 
both Ca and P, it contains approximately one 
half the usual levels of these elements. Though 
this solution delays the darkening of the cen- 
tral portion of transplants, there is no deficit 
in calcium compounds, and the central trans- 
plants eventually become opaque to transmit- 
ted light. This solution is superior to the 
usual formula for prolonged maintenance of 
cells in a plasma base. 

Discussion. The demonstration of a 5-fold 
increase of Ca ions in a plasma base follow- 
ing serial renewals of a supernatant fluid, and 
of the necessity of hydrogen ions for its re- 
placement, indicates that the plasma sub- 
strate in cell cultures is the site of an ionic 
exchange. .\ more complete analysis could be 
e.xpected to show that not only Ca but also 
other preferentiallj' adsorbed ions tend to re- 
place less tightly bound but physiologically 
important ions. It may be inferred that cells 
maintained in an original or lightly patched 
plasma base spend a considerable portion of 
their existence in an inorganic environment 
quite different from what is intended and that 
the inorganic composition of renewal super- 


nates might be improved by altering radically 
the ionic balance now normally present in 
fluids prepared from complex nutrients. It is 
also ex’ident that existing data on the role of 
different ions in plasma cultures may require 
re-evaluation by culture methods which ex- 
pose the cells directly to the fluids being 
studied. 

The present data would appear to confirm 
the observations of Simms and Stillman- on 
the nature of at least one of the inhibitors 
which occur in plasma and adult tissues and 
is capable of being removed by tr>-ptic diges- 
tion. 

.Summary. The adsorption of calcium phos- 
phate complexes to plasma substrates, and the 
conditions required for their removal, indicate 
that the plasma gel is the site of an ionic ex- 
change in which preferentially adsorbed ions 
may greatly alter the desired ionic balance. 
This process is one of the factors which causes 
plasma to become growth inhibitory during 
prolonged maintenance of cells in this Upe- 
of substrate. 

Ttweived May IS, 1949. P.S.E.B.M., 1949, 71. 


17176. Tolerance of Normal and Partially Depancreatized Rats for Insulin. 

Dwight J. Ingle and James E. Nezamis, 

JlcsriircJi Lnboraforio!, The Vpjohn Compantj, Kainmaeoo, Mich. 


It was shown by this study that the average 
lethal dose of insulin is smaller in force-fed 
depancreatized rats than in normal rats. 

Methods. Male rats of the Sprague-Dawley 
strain were maintained on .Archer Dog Pellets 
prior to the beginning of the experiments. At 
a weight of 310-320 g. some of the animals 
were subjected to a single-stage pancreatec- 
tomy' in which all but tiny remnants hang be- 
tween the duodenum and bile duct were re- 
moved. .Mter the rats recovered from the 
operation, they were placed in metabolism 

I Ingle, 11. .T., ,in<l Grifliths, .T. Q., .Ir., Cliajitcr 
ll'. Tin' r.nt in liilienitory inx'i stigatiim. .T, R. I.ip- 
jiirn'ott Co.. l’liit:i<lcliiliin, 194'’. 


cages and were adapted to the force-feeding^ 
of a medium carbohydrate diet (Table I) in 
amounts of 13 cc each morning and late 
afternoon. The urines were collected at 8:00 
to 8:30 .\.M. each day and were presen-ed by 
thymol. Urinary glucose was determined by 
the method of Benedict.^ 

Experiments and results. Severely diabetic 
rats were selected for these e.xperiments. Tlie 
average amount of glucose excreted by the 18 
depancreatized rats used in this study was 
6096 mg per day. The amount of glucose es- 

e Boincx'ko. R. M.. Ball, H, A., anil SannioB. B. 
T., Pr.oc. ?oc. Exr. Biol, .xxn Mr.!).. 1939. 41. 44. 
-iBcnrdict. P. B.. ,T.J.M„f.. 1911, 57, 1193. 
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TABLE I. 

Medium Carbohydrate Diet. 

f Constituent 

8 

Cellu flour (Chicago Dietetic Supply) 

120 

Osliorue & MenUel salt mixture 

40 

Dried yeast (Pabst) 

100 

AVheat germ oil 

10 

Cod liver oil 

10 

Vit. K. (2-mcthyl-l,4-naphthoquinone) 

100 mg 

Mazola oil 

200 

Casein (Labco) 

160 

Stareli 

200 

Dextrin 

190 

Sucrose 

200 

"Water to make total of 

2000 cc 


TABLE n. 

Lptlia] Dose of Begular Insulin Expressed as Units 
for Bat per Day. Means and standard deriations 
of the means and differences. 


No. Mean Difference 

Xornial 20 G8.o ± 1.77 

Depancreatizcd 18 50.5 i 4.27 18 ± 4.68 


timated to be available from the carbohydrate, 
glj^cerol and protein (assuming d0% conver- 
sion of protein to glucose) of the diet is ap- 
proximately 6S00 mg per rat per day. These 
severely diabetic rats were then compared to 
normal force-fed rats in respect to the amount 
of insulin required to kill the animal. Regular 
insulin (Lilly) was administered by subcu- 
taneous injection immediately following each 
feeding. The initial dose was 5 units given 
twice each day. The dosage was increased by 
5 units per injection on every second day until 
the animal died. 


that the secretion of insulin by the pancre- 
atic islets is inhibited by the administration of 
an excess of e-xogenous insulin. Even this as- 
sumption does not e.xplain the increased sensi- 
tivity of the depancreatized animal to insulin. 
It has been noted that totally depancreatized 
patients’’ may show greater’ sensitivity to in- 
sulin than the average patient with diabetes 
mellitus. Young® reported that pancreatec- 
tomy of a dog with pituitary diabetes 
lowered its insulin requirement. Dragstedt 
et al.~ noted that partially depancreatized dogs 
may have a higher insulin requirement than 
totally depancreatized dogs. Thorogood and 
Zimmerman® found that dogs havdng allo.van 
diabetes showed a decrease in insulin require- 
ment following pancreatectomy. Howard® 
has commented upon “The almost uniform 
finding that an organism is highly oversensi- 
tive to a hormone that it lacks, and the corol- 
lary that the norma] is relatively insensitive 
to doses of a hormone which would seriously 
injure the deficient animal. . .one 
wonders if the gland itself may not sometimes 
reverse its processes, and, in the presence of 
an administered excess of its hormone, actual- 
ly begin to destroy it or elaborate some coun- 
teracting hormone.” A substance which 
causes glycogenolj'sis and hyperglycemia has 
been obtained from extracts of pancreatic 
islets^® and has been considered as a possible 
antagonist of insulin but it is not known if 
it is a normal secretory product of the pan- 
creas or if it has any physiological role. 


The data are summarized in Table II. 
Normal rats tolerated greater average amounts 
of insulin than did the diabetic rats. The 
variability among individual animals was 
greater among the depancreatized rats than- 
among the normal animals. The difference 
between the means for the two groups is highly 
significant from the statistical standpoint. 

Discussion. If it were assumed that the se- 
cretion of insulin is unaltered by the adminis- 
tration of exogenous insulin, it would be ex- 
pected that a lethal level of insulin- dosage 
would be reached more rapidly in the normal 
animal than in the depancreatized animal. It 
seems probable from these and other data* 


An additional e.xplanation of these results 
could be based upon the assumption that the 


S'\Vaug) 2 , J. M., Dixon, C. F., Clagett, 0. T., 
Bollman, J. L., Sprague, E. G., and Comfort, M. 
W., Proc. Staff. Meet, of the Mayo Clinic, 1040, 
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221, G3o. 
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Thorogood, E., and Zimmerman, B., Endocrin- 
-y, 1945, 37, 191. 

Eloivard, J. E., American Practitioner, 1943, 
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Heard, H. V. II., Lozinshi, E., Stewart, L., 
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assimilation of food was incomplete due to a 
deficiencj- in. the external secretion of the pan- 
creas and that fatal h\-pogl 3 xemia developed 
more rapidh' for this reason. There was no 
diarrhea in these e.xperiments, the feces were 
well formed and firm but were larger than 
normal in the depancreatized rats. The com- 
pleteness of intestinal absorption was not 
studied. Similarh', it is possible that the de- 
pancreatized rats were debilitated fay opera- 
tion and by the period of uncontrolled gl\'- 
cosuria so that their resistance to insulin shock 
was lower than normal. -Although the depan- 
creatized animals appeared vigorous and 
healthy during the period of insulin adminis- 
tration, it would be unsafe to conclude that 
their lower than normal resistance to insulin 


was due soleh' to the absence of the pancreatic 
islets. 

Sttvtniary. Eighteen extensive!}' depancrea- 
tized male rats and 20 normal rats were force- 
fed a medium carbohydrate diet. Following 
periods of adaptation and control, all of the 
animab were tested for their resistance to twice 
daily injections of regular insulin. The initial 
dose was 5 units and was increased in incre- 
ments of 5 units per dose every second day 
until the animal died. The average lethal dose 
for the depancreatized rats was 50.5 units 
per 24 hours as compared to an average of 
68.5 units for the normal animals. This dif- 
ference in averages was calculated to be sta- 
tistically significant. 
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During December 1948, reports of wide- 
spread distribution of influenza began to ap- 
pear in the Seattle area. The majority of 
illnesses were of relatively short duration and 
were accompanied in many cases by gastro- 
intestinal disturbances. Proper specimens of 
throat washings and serum were not obtain- 
able until the return of students to the Uni- 
versity of Washington campus after the New 
Year holidays. 

During the first 9 weeks of 1949. there were 
116 admissions for upper respirator}' infec- 
tion to the University of Washington Health 
Center. It was apparent, through random 
questioning of the campus population, that 
many others were ill at home. Since ap- 
pro.ximately CO^c of the 16,000 University 
students live at home in or close to the City 
of Seattle, and there were a number of stu- 
dents known to be ill in living quarters on and 
oft the campus, it seems obvious that the out- 
break was much more widespread than the 
116 admissions to the Health Center would 


indicate. A conseu-ative estimate of 500 
cases, of varying severity, during the period 
from the end of December to the first of 
March does not seem unreasonable. Observa- 
tions of classroom attendance supported this 
estimate. 

The majority of illnesses were mild, with 
the average period of hospitalization being 
between 3 and 4 days. The mildness of the 
disease further supports the idea that the 
cases Seen in the campus infirmary repre- 
sented only a relatively small proportion of 
the total number occurring in the Seattle area. 

Materials. Blood specimens and throat 
washings were obtained during the acute stage 
from patients in the infirmaiy whenever pos- 
sible. Serum was separated promptly and 
stored at -2°C until used. Throat washings 
were obtained by having the subjects gargle 
IS ml of nutrient broth (Bacto) to which had 
been added penicillin G in an approximate 
concentration of 1000 units per ml. The gar- 
glings were collected in clean beakers, trans- 
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ferred to sterile screw cap bottles, and stored 
in a CO 2 ice box at approximately -76°C 
until used. 

Convalescent blood specimens were ob- 
tained whenever possible. The interval be- 
tween the acute and convalescent specimens 
ranged from 10 to 25 days, with a few ex- 
ceptions. Twenty-eight convalescent sera 
were obtained from suspected influenza cases, 
and were stored ivith the acute specimens at 
-2°C. 

Methods. Throat washings were inocu- 
lated to the allantoic cavity of 8- to 10-day 
chick embryos, using 0.25 ml per egg and a 
minimum of 5 eggs per washing. Inoculated 
eggs were incubated at 36°C and were exam- 
ined daily bj' candling. Eggs showing dead 
embryos in 24 hours were discarded. A small 
portion of allantoic fluid was aspirated daily 
from sur\'iving eggs from the second to fifth 
days after inoculation, and was tested in a 1 
to 10 dilution for ability to agglutinate washed 
human cells of group 0. Fluids showing 
typical agglutination were inoculated to a new 
set of eggs and were further tested against 
standard antisera in an attempt to determine 
the type of virus most prevalent in the out- 
break. 

The technic for examination of paired sera 
was that recommended by the Influenza In- 
formation Center of the U. S. Public Health 
Service^ for laboratories participating in its 
program. The original method,- as modified 
by the Army hledical Center,^ involves the 
addition of 4 hemagglutinating units of the 
standard virus antigens (PR8, FMI and 
Lee) to serial two-fold dilutions of inactiv- 
ated serum, followed by addition of washed 
group O human red cells. Incubation was for 
one hour at room temperature. 

Results. Three strains of influenza virus 
were isolated during the early part of the 
outbreak, and gave typical agglutination re- 
sults up to 1 in 320, in the first passage. 
Subsequent allantoic passages yielded fluids 

1 Culbertson, Janies T., Am. J. Pub. Elih., 1949. 
39, 37. 

2 Anonymous, ShII. F. S. Armi/ Eed. Dept., 
194G, C, 777. 

3 Medical Division, Army Medical Center, letter 
of Sept. 7, 1948- 


with titers ranging up to 1 in 2560. The 
strains were designated as Seattle 1-49, 2-49, 
and 3-49, and were forwarded to the Influ- 
enza Strain Study Center.^ 

The 3 virus strains were separately tested 
by the standard agglutination-inhibition tech- 
nic against high-titer monovalent rooster 
sera.* These sera were able to inhibit red 
cell agglutination by PR8, FMI or Lee an- 
tigens in titers of 1 in 1600 or 1 in 800, with 
cross-inhibition only in the first tube between 
the A and A prime viruses. However, when 
the 3 newly isolated strains of influenza virus 
were set up against the standard sera, no 
significant evidence of inhibition of hemagglu- 
tination could be obtained. Additional egg 
passages up to a total of 10 did not modify 
these results. The specific rooster sera were 
not able to supply the typing information 
desired, and because of doubt regarding the 
nature of the prevalent virus, a general pro- 
gram of vaccination was not undertaken. 

Twenty-eight paired sera were investigated 
for evidence of rise in antibody liter against 
types A, A prime and B viruses, and also 
against the Seattle strains, using the standard 
agglutination-inhibition technic. No pairs 
showed any evidence of significant increase 
against tjpe A or A prime viruses and these 
data are therefore omitted. The results of 
the significant titrations are shown in Tables 
I and II. 

Table I gives the results of titrations on 28 
paired sera. Six patients showed no increase 
of antibodies able to inhibit hemagglutination 
by known virus antigens and rvere not con- 
sidered as serologically proved cases. The 
titrations of the 22 sera showing a significant 
increase of such antibodies gave the results 
indicated. It will be noted that the evidence 
indicates a higher antibody rise against Lee 
virus than against the Seattle strains. 

The difference in antigenicity between the 
Lee and Seattle viruses is demonstrated further 
in Table II. It is seen that of the 22 serum 
pairs showing a 4-fold or greater increase in 
titer against Lee virus, only 18 also showed 

J Anonymous, Science, 1947, IOC, 042. 

* Obtained tluougli the kindness of the Depart- 
ment of Virus .-111(1 Bickettsi,-il Diseases, Army 
Medic.-il Center, Washington, D.C. 
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TABLE I. 


Titrations of Paired 

Sera. 


Increase 4-fold S-fold 

IG-fold 
or more 

Total 

VS. I-ue ; 0 7 

9 

22 

vs. .Seattle 9 S 

strains 

1 

IS 

Xo significant increase in titer 


6 

TABLE II. 

Increase in Titer of Paired Sera. 

Significant increase 

vs. both Lee and Seattle strains 

vs. Lee only 

vs. Seattle strains only 

Xo increase 

Total 


IS 

4 

0 

G 

23 


a significant rise against the Seattle strains. 
Four patients showing a rise in titer of anti- 
bodies able to inhibit hemagglutination by 
Lee virus and not by the Seattle strains, may 
represent cases due to viruses other than the 
more prevalent strains. 

On the basis of titrations of paired sera 
only, the outbreak in Seattle would be con- 
sidered as due to a virus antigenically related 
to Lee virus, since all the positive sera showed 
a significant increase in antibodies against 
Lee when compared with the acute phase sera. 
On the other hand, hemagglutination by the 
Seattle viruses was not inhibited b.v typing 
sera prepared in roosters. This fact empha- 
sizes two points: first, an antigenic difference 
between the newly isolated strains and Lee 
virus, and second, the inadequacy of highly 
specific antisera for the typing of influenza 
virus having minor antigenic differences from 
the standard strains. 

Because of the ability of Seattle viruses to 
produce antibodies against Lee virus, and the 
failure of specific Lee antiserum to inhibit 
hemagglutination by the new strains, it is 
apparent that the Seattle strains are not anli- 
genicalK’ identical with Lee virus. This opin- 


ion has been confirmed by the virus labora- 
tory of the California State Department of 
Health^ and by the Influenza Strain Study 
Center,® 

The evidence in the case of the Seattle 
strains seems to indicate that these viruses are 
not as highly antigenic as Lee virus, as dem- 
onstrated b}’^ the lesser rise in titer in paired 
sera, but that the new strains may be anti- 
genicaliy broader in pattern, as shown by the 
ability of all second sera to inhibit hemagglu- 
tination by Lee significantly, whereas specific 
Lee serum did not inhibit hemagglutination 
by the new strains. 

Strain differences in influenza B virus have 
been reported previously by Eaton and Beck," 
Gordon,® Burnet ct al.,^ and others. However, 
it is considered of value to record the con- 
tinued antigenic heterogeneiU’ of this virus, 
particularly in view of the problem of choice 
of strains for inclusion in influenza vaccines. 

Suntmariziug, there is reported an out- 
break of influenza on the University of Wash- 
ington campus, from which 3 strains of in- 
fluenza virus B were isolated. Paired sera 
from 22 patients showed a significant rise in 
hemagglutination-inhibition titer against Lee 
virus in all cases and against the new strains 
in IS sera. Because of the inability of rooster 
antiserum prepared against Lee virus to in- 
hibit hemagglutination by the Seattle strains, 
it appears that these new viruses are incom- 
pletely related to the standard type B virus. 



11. 1P-J9. 

T. P., personal communication. Jfarch 

IS. 1PI3. 

r Eaton, M. D.. and Beck, M. D., Tnoc. Soc. 
E-Yp. Biol, .ocd Med., 1341, -18, 177. 

'"Gordon. I.. J. Immiiii., 1342. 4-1, 231, 

!* Burnet, F. >t., Beveridge, IV. I. B., and Bull, 
B. I?., ,T. Exp. Biol, and Med. Bci., 1344, 



R<'ccived Ma.v 13, 134,0, IkS.E.B^M., 71, 1349, 
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17178. Some Reactions of the Rat to Treatment with Progesterone and 
Estrone in Late Pregnancy.^ 


Sheppard jM. Walker and John I. Matthews. 

From the Department of Physiology, Washivylon University, School of Medicine, 

St. Louis. 


Following the observation that extract of 
corpora lutea^ prolonged pregnancy in the 
rat, reports on the effects of estrogens-*^ and 
progesterone^”' on parturition in the rat have 
appeared. These reports have not included 
observations on the behavior of the treated 
animals at the normal time for delivery. Be- 
cause pregnancy was alloived to continue the 
viability of the }'Oung at the normal time for 
deliver3f was not determined. The purpose of 
the present study is to observe viabih'w of 
the young and labor in rats treated daily 
during late pregnancy with estrone, pro- 
gesterone or a combination of estrone and 
progesterone. 

Methods. In the strain of rats (.Anheuser- 
Busch) used in these e.xperiments the young 
were normally delivered in the night following 
the 21st day of pregnanej'’ or in the morning 
of the 22nd day. The day that sperms were 
observed in the vaginal smear was counted as 
the first day of pregnancy. The hormone 
injection was continued daily from the time 
of the first injection. The young were re- 
moved in the afternoon of the 22nd day by 
hysterectomy in animals that had not deliv- 
ered spontaneously. The passage of blood 
from the vagina was regarded as evidence of 
uterine bleeding. Confirmatory evidence of 
uterine bleeding was obtained when the young 
were removed. 

Results. A summary of the results ob- 

* Aidfd by .1 grant from the U. S. Public Healtli 
Service. 

1 Kelson, tV. 0., PtUfuor, J. J., and Haterius, 
H. 0., Am. J. Physiol., 1930, 01, 690. 

- Hain, A. M., Quart. J. Fry. Phy.siol., 1935, 
2.>, 131. 

,3 D 'Amour, F. B., and Dumont, C., Quart. J. 
Fry. Physiol., 1937, SO, 215. 

•»Boc, r., Acta path, ct Microhiol. Scaiulhiav., 

sunpl. 30, 1938. 

nlmaz, F. A. U., Prensa Med. Argent., VMS, 
30, 2309. 


tained is shown in Table I. Although uterine 
bleeding occurred in the 3 animals given 1 
mg of progesterone, attempts to deliver the 
young were seen in only 1. The other 2 rats 
were quiescent and contraction of abdominal 
muscles observed prior to parturition in nor- 
mal animals was not seen. -.At the time of 
removal 20^ of the young were dead. No 
labor attitudes or uterine bleeding occurred 
in 4 animals given 2.5 mg of progesterone 
and these animals remained quiet and showed 
no evidence of efforts to deliver the young. 
Onlj' 3% of the j'oung were dead at the time 
of removal. 

The well-known tendency of estrogen to 
terminate pregnancy led us to attempt to 
bring about spontaneous delivery of young in 
late pregnancy. The data in Table I indi- 
cate that administration of estrone in late 
pregnancy may either prevent parturition or 
accelerate delivery. It was found that daily 
injection of 25 y of estrone started on the 
19tb or 20th day of pregnancy caused pro- 
longed labor but failure to deliver the 3'0‘ung 
by the end of the 22nd day. One animal 
given 100 y of estrone on the 20th day deliv- 
ered j'oung 1 day premature less than 20 
hours after the injection. In 4 animals 
treated with 25 y of estrone about 24 hours 
before time for delivery parturition seemed to 
be accelerated rather than prevented; about 
12 to 18 hours after the first injection the 
animals became e,\'tremely active and deliv- 
ered the young promptly. .A point of par- 
ticular interest is the sharp contrast in be- 
havior of the estrone-treated animals as com- 
pared with the ones given progesterone. 
Those estrone-treated animals requiring re- 
moval of the young showed vigorous and pro- 
longed efforts to deliver spontaneously. In 
the rats treated with estrone 40^ of the 
young were dead on the 22nd day of preg- 
nancy. 
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TABLE I. 

Effects of Progesterone mid Estrone in Late Pregnantr in tlie Rat. 


Rut 

No. 

Treatment 

daily* 

Dny 

begun 

Delivery 


Fetuses 


Remarks 

.51 

1 ing P t 

19 

Reniovcdf 

5 

living, 4 dead 

No labor. Uterine bleeding 

32 

1 mg P 

19 

y y 

11 

71 



> J ? 1 J T ? J 

35 

1 mg P 

19 

> > 

4 

7 7 

1 

7 7 

Labor. Uterine bleeding 

42 

2.5 mg P 

19 

> j 

10 

7 7 



No lalior. No uterine bleeding 

44 

•2.5 mg P 

19 

> > 

9 

7 7 



f! it 5 ' , , , , 

45 

2.5 mg P 

19 

» } 

7 

7 7 



> > f! • I • , J , 

40 

2.5 mg P 

19 

yf 

9 

7 7 

1 

77 

IS U * • J J u 

50 

200 7 Et 

19 

Autopsy 



8 

7 7 

Died 24tb day after prolonged labor 

51 

25 7 E 

19 

Removed 

o 

7 7 

5 

77 

Labor. Uterine bleeding 

55 

100 7 E 

20 

Spoiit.meous 

11 

7 7 



1 d.ay premature 

50 

25 7 E 

20 

Removed 

1 

7 7 

G 

77 

Labor. Uterine bleeding 

03 

25 7 E 

21 

Spoiit.Tiicoiis 
» > 

3 

7 » 

3 

7 7 

22nd dav of pregnanev 

04 

25 7 E 

21 



7 

7 7 

7 7 7 7 7 ^ 7 f * 

05 

25 7 E 

21 

t 1 

7 

7 7 



? ♦ y f 7 y » ♦ 

00 

25 7 E 

21 

y y 

11 

7 7 



*7 y f y 7 t 1 

71 

25 7 E 

IS 

7 y 

4 

7 7 

3 

7 7 

ParfuriHon delayed 1 day. Prolonged labor 

SI 

100 7 E + 

19 

Removed 

7 

7 7 


7 7 

Xo labor. I'terine bleeding 


1 mg P 








S2 

100 7 E 4- 

20 

» 1 

S 

7 1 



77 yy 71 • > 


1 mg P 








92 

25 7 E -1- 

20 

! y 

10 

• 7 



Xo labor. Xo nterine blooding 


2.5 mg P 








93 

•25 7 E -f 

20 

y t 

8 

7 7 



*7 » 7 7 7 • • 17 


2.5 mg P 








1-5 

Xniic 

— 

Spniitaneous 

43 

7 7 

o 

7 7 

22nd day of pregnancy 


' Except in rat No. 71, wliicli received single injection, 
t V = Progesterone. 

J E = Estrone. 

Hn al! animals except Nos. 50 and 71, the young «cre delivered hy hysterectomy toirard end of 
Oind d.ay of iiregn.ancy. if young were not delivered .spontaneously. 


The rats injected simultaneously with 
estrone and progesterone showed no effort to 
deliver the young and remained relatively 
inactive. It is possible, however, th.it labor 
way have occurred in some of the artimals 
during the night when the animals were not 
under observation. Uterine bleeding w.as 
seen only in the 2 animals given large amounts 
of estrone. Only 6% of the young were dead. 

Discussion. In only 2 studies of which we 
are aware has the daih- injection of crystalline 
progesterone been continued in the rat be- 
yond the normal term of pregnancy. Preg- 
nancy was prolonged by daily injection of 
1 mg of progesterone started the ISth day of 
pregnancy-' and by 0.5 mg daily started’ on 
the 16th day."' The observ'ation*'' that 2 
Corncr-.Allen Rb. U. (2 mg) of progesterone 
arc required to maintain pregnancy in the 
ovariectomized rat suggested to us that the 
do.'eiges of this hormone used in the above 

RiiIliM liild, 1.. ;iii,l Meyer, R. K.. I’Roc. ’. 
Exe. Bjo!.. .\ni> Mki>.. 1010. -I-I. dug. 


studies on parturition may not completelv 
prevent labor. In the rabbit, for e.vample. 
it has been shown that 1 mg of progesterone 
maintains pregnancy after removal of the 
ovaries' while 1.5 mg is required to prolong 
pregnanc}- significantly.*' Our results show 
that 2.5 mg of progesterone daily are re- 
quired to prevent uterine bleeding when in- 
jections are begun on the I9th day of preg- 
nancy. 

It has been shown^ that 600 y and 300 y 
of estrone benzoate given daily from the 16th 
to the 22nd day of pregnancy in the rat kills 
most of the young and delays delivery. 
Similar results- were obtained in the rat with 
dail\ injection of 1 2d -y to 500 y of estrogens 
begun late in pregnancy. Heckel and .AlW 

' Alien, \V, M., .mid Cenicr. G. tV., Peoc. Soc. 
E.ve. Biot,. .ISO ifrjK. 1‘KW. 27, 40:t. 

’•Heckel. G. P., mid .\Ilon, W. Jl.. J;„. 
Pfi.V.tinf., lit). 

fHeekoI, G. P.. ;ind Alien, \V. M.. Knijocrinnl- 
n;i;i. IPaP, 24. 137. 
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17178. Some Reactions of the Rat to Treatment with Pi-ogesterone and 
Estrone in Late Pregnancy.* 

Sheppard INI. Walker and John I. IMatthews. 

From the Department of Physiology, Washington University, School of Medicine, 

St. Louis. 


Following the observation that e.vtract of 
corpora lutea^ prolonged pregnancy in the 
rat, reports on the effects of estrogens-"^ and 
progesterone^’^ on parturition in the rat have 
appeared. These reports have not included 
observations on the behavior of the treated 
animals at the normal time for delivery. Be- 
cause pregnancy was allowed to continue the 
viability of the young at the normal time for 
delivery was not determined. The purpose of 
the present study is to observe viability of 
the young and labor in rats treated daily 
during late pregnancj' with estrone, pro- 
gesterone or a combination of estrone and 
progesterone. 

Methods. In the strain of rats (.‘Anheuser- 
Busch) used in these e.xperiments the young 
were normally delivered in the night following 
the 21st day of pregnancy or in the morning 
of the 22nd dajL The day that sperms were 
obser\^ed in the vaginal smear was counted as 
the first day of pregnancy. The hormone 
injection was continued daily from the time 
of the first injection. The young were re- 
moved in the afternoon of the 22nd day by 
hysterectomy in animals that had not deliv- 
ered spontaneously. The passage of blood 
from the vagina was regarded as evidence of 
uterine bleeding. Confirmatory evidence of 
uterine bleeding was obtained when the young 
were removed. 

Results. A summary of the results ob- 

* Aided by giant from the V. S. Public Health 
Service. 

1 Nelson, W. 0., Piiffner, J. J., and Haterius, 
H. 0., Am. J. Physiol., 1930, 01, 090. 

2Hain, A. JI., Quart. J. Eip. Physiol., 1935, 
2.5, 131. 

3D ’Amour, F. E., and Dumont, C., Quart. J. 
Erp. Physiol., 1937, 26, 21o. 

tBoe, F., Acta path, ct Microhiol. Scaiulinav., 

suppl. 30, 193S. 

Iinaz, F. A.. E., Prensa Med. Argent., 1943, 
30, 2309. 


tained is shown in Table I. Although uterine 
bleeding occurred in the 3 animals given I 
mg of progesterone, attempts to deliver the 
i'oung were seen in onhi 1. The other 2 rats 
were quiescent and contraction of abdominal 
muscles observed prior to parturition in nor- 
ma! animals was not seen. At the time of 
removal 20% of the young were dead. No 
labor attitudes or uterine bleeding occurred 
in 4 animals given 2.5 mg of progesterone 
and these animals remained quiet and showed 
no evidence of efforts to deliver the young. 
Only 3% of the j’oung were dead at the time 
of removal. 

The well-known tendency of estrogen to 
terminate pregnancy led us to attempt to 
bring about spontaneous delivery of young in 
late pregnancy. The data in Table I indi- 
cate that administration of estrone in late 
pregnancy may either prevent parturition or 
accelerate delivery. It was found that daily 
injection of 25 y of estrone started on the 
19 th or 20th day of pregnanc}' caused pro- 
longed labor but failure to deliver the young 
by the end of the 22nd day. One animal 
given 100 7 of estrone on the 20th day deliv- 
ered young 1 day premature less than 20 
hours after the injection. In 4 animals 
treated with 25 y of estrone about 24 hours 
before time for delivery parturition seemed to 
be accelerated rather than prevented; about 
12 to 18 hours after the first injection the 
animals became e.\'tremely active and deliv- 
ered the young promptly. A point of par- 
ticular interest is the sharp contrast in be- 
havior of the estrone-treated animals as com- 
pared with the ones given progesterone. 
Those estrone-treated animals requiring re- 
moval of the young showed vigorous and pro- 
longed efforts to deliver spontaneously. In 
the rats treated with estrone 40% of the 
young were dead on the 22nd day of preg- 
nancy. 
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TABLE I. 

Effect of NiiPAIl on Uriiinry Phosplinto Excretion. 


Period Xo. 

.and siiecimen 

Concurrent 

time, 

mill. 

Brine 
volume, 
ce/min./ 
1.73 M2 

PAH 
cone., 
mg % 

Pliospliate 

cone., 

m.Osm/Ij 

Phosphate 
excreted, 
iii.Osm/min./ 
1.73 M2 

L..T. nvdr.ition. 9 vrs. 

S.A. 1.25 M2. Wt. 37.3 kg. 




P-1 V 

-GO to -3.5 

1.10 


12.3 

.014 

P-g E 

-35 to -10 

8.39 


2.0 

.017 

P 

-1 



1.50 



0 to 10 I.V. 

, injection 50 cc 2 

10% XaPAH. 


1 r 

24 to 5S 

3.31 

3800 

11.0 

.030 

P 

28 


02.2 

1.54 


2 E 

58 to 75 

4.C1 

1529 

G.S 

.031 

P 

03 


14.1 

1.50 


3 U 

75 to 97 

0.13 

739 

4.4 

.027 

4 V 

07 to 118 

8.00 

254 

3.0 

.024 

W.H. Delivdration. 11 

s-r.s. .S.A. 1.1 

2 ^r-'. Wt. 30.9 kg. 



P-1 V 

-110 to -80 

0.3S 


53.2 

.020 

l'-2 U 

-SO to -59 

0.31 


59.4 

.018 

P-3 t: 

-59 to -23 

0.28 


or.s 

.019 

P 

-1 



1.01 



0 to 5 T,V. 

injeetioii 35 cc 20% Xal’.VH. 


1 U 

22 to 42 

2.88 

4500 

19.4 

.050 

P 

25 


54.3 

1.54 


2 r 

42 to 03 

1.C3 

4022 

28.7 

.047 

p 

50 


13.G 

1.52 


3 r 

03 to 82 

0.82 

4114 

40.4 

.038 


affect the renal excretion of several sub- 
stances.- ■* an effect on phosphate excretion 
has not been previously described. This re- 
port concerns studies of phosphate e.xcretion 
at various plasma P.AH levels under condi- 
tions of both hydration and dehydration. 

Procedure and methods. The studies were 
done on one female and 5 male patients, 9 to 
12 years of age. who showed no evidence of 
renal disease. One child had slight albu- 
minuria and hematuria associated with an 
episode of acute rheumatic fever three weeks 
previous to the experiment but subsequently 
has shown no evidence of renal disease. The 
subjects were in the post-absorptive state. 
Two subjects were deprived of water for 16 
hours prior to the procedure. In these the 
P.\H produced osmotic diuresis. In the other 
patients, high urine flows were maintained by 
water intake as is commonly done for renal 
clearance studies. 

The general procedure of 4 e.xpcriments was 

-Sftkiirt. E. l;.. .!m. .T. IP44, l.|2, 1S2. 

" Lt'jcr, tv. It., o(*(I\viirtt, It., Botor;*, I.,, Ver- 
vey, W. F.. ;mil Mnttis, F. A., .<cicnce lt'4-t 100 
lOT, 

< lloiirk. li.. I>i;oc. Soc. Exv. Blot,. .\si> MfS).. 
I'.ui:, mt, aes. 


as follows: .■\fter the collection of several 
preliminary urine specimens and one blood 
specimen, sufficient 20% XaPAH was in- 
jected intravenously in a 10 to 13 minute 
interval to produce plasma levels of 60 mg % 
or higher. Four to six urine specimens at 
15 to 20 minute intervals and 2 or more blood 
specimens were then collected. 

In 2 of the hydrated subjects, the pro- 
cedure was somewhat modified as will be de- 
scribed later. 

In blood and urine, P.^H was determined 
by the method of Smith ct al.'‘ and phosphate 
by the method of Fiske and Subbarow.'’* 
Urine volumes were corrected to 1.73 M- for 
the calculation of minute phosphate e.xcretion. 

Results. The pertinent data of '2 repre- 
sentative experiments during hydration and 
dehydration are given in Table I. For all 
e.x]>eriments, phosphate e.xcretion during pre- 
liminary urine periods prior to the injection 
of XaP.-VH ranged from 0.002 to 0.020 
mOsmols min. In every case the rate of ex- 

•* Emith, It. ., Fhik<4stoin, X., L., 

t'niwforil, B„ an<l Graber, M.. .1. Cliti. Invnt. 
1345. 24, ass, 

*" PisVe, C. II.. anil Fubbaroiv, V,. .?. Biaf. Chetn 

me.'i. «(t. a?.'.. 
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found that during daih' injection of estrone 
in pregnant rabbits beginning on the 29th 
day 400 I.U. killed the young but did not 
significantly delay parturition and WOO I.U. 
prevented deliver}"^; delivery occurred nor- 
malty on the 32nd daj'^ in this strain of rab- 
bits. The prevention of parturition in the 
rabbit was regarded as due primaril.v to pro- 
longation of the functional state of corpora 
lutea. The prolongation of pregnancy in the 
hypophysectomized rabbit^® and in the raP* 
by treatment with estrogens was similarly 
interpreted. Our findings that estrone injec- 
tion started on the 19th day of pregnancy in 
the rat brought about vigorous but ineffective 
efforts to deliver young while progesterone 
treatment started on the same day induced 
quiescence, suggest that estrone plays a role 
in the prevention of parturition in the rat 
other than by way of its action on the corpora 
lutea. Because estrone apparently increases 
the frequency and intensity of contraction of 
abdominal muscle, it is suggested that failure 
to deliver the young is due to obstruction of 
the birth canal possibl}'- as a result of failure 
of relaxation in the region of the cervix. In 
the rat wide abdominal incision during par- 
turition practically stops transport and ex- 
pulsion of the fetuses and closure of the in- 
cision restores both processes.® This ob- 
servation, which was interpreted as evidence 
that contractions of the diaphragm and ab- 

10 Eobson, J. M., J. PhysM., 1940, 07, 517. 

11 Odendaal, W. A., Smith African J. M. Sc.., 
1944, 9, 131. 


dominal muscles provide the primari' force 
for delivery of 5 ’-oung, supports our viev\' that 
failure of e.xpulsion in estrone-treated rats 
showing vigorous labor is due to failure of 
uterine relaxation. 

Our observation that progesterone injec- 
tion started simultaneously with estrone 
treatment on the 19th or 20th day of preg- 
nancy prevents labor, uterine bleeding and 
death of young suggests that the death of 
fetuses induced by estrone may be due, at 
least in part, to intense but ineffective labor. 

Summary. Progesterone (2.5 mg dail.v) 
beginning on the 19th daj' of pregnancy in 
intact rats prevents labor, uterine bleeding 
and parturition. Estrone (2S y) started on 
the 19th or 20th day induces uterine bleed- 
ing, vigorous but ineffective labor and death 
of fetuses. Estrone (100 y) begun on the 
20th day in 1 animal brought about delivery 
of jmung 1 day premature. Spontaneous de- 
livery^ occurred in 4 rats given 25 y of estrone 
about 24 hours before time for delivery. 
Progesterone (2.5 mg) given simultaneously 
with estrone (25 y) beginning on the 20th 
day has the same effect as progesterone alone, 
pre.venting the above effects of estrone alone. 
It is suggested that estrone plays a role in the 
prevention of parturition in the rat other than 
b\' way of its action on the corpora lutea. 

Progesterone from Sobering Corpor.ntiou, Bloom- 
field, N. J., and estrone from Parke D.avis and 
Co., Detroit, ilieb., were geueroiisly supplied for 
tins study. 

Heceived JXay IS, 1949, P.S.E.B.5I., 1949, ‘I- 


17179. Urinary Excretion of Phosphate Following the Injection of Sodium 
p-Aminohippurate. 


Clark D. West* and S. Rapoport. 

From the Children’s Hospital Sesearch Foundation and the Department of Pediatrics, 
University of Cincinnati College of Medicine, Cincinnati. 


In the course of recent studies of osmotic 
diuresis in man,^ the rate of urinary excretion 

* Senior Fellow in Pediatrics of the National 
Ecsearch Conncil. Aided by a grant from the 
National Foundation for Infantile Paralysis. 


of phosphate was found to be increased fol- 
lotring the injection of sodium p-aminohip- 
purate. Although PAH has been found to 

1 Eapoport, S., West, 0. D., and Brodsky, W. A., 
Am. d. Physiol, in press. 
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tion by PAH is thus of considerable magnitude 
but is not sufficient to cause excretion to occur 
at the level of glomerular filtration. 

It is worthy of note that the diminished 
tubular reabsorption of phosphate which oc- 
curs after injection of parathyroid hormone is 
of about the same order of magnitude. The 
data of Harrison and Harrison' on dogs show 
that after injection of parathyroid e.xtract, 
25 to 2S^'c of the filtered phosphate was e-x- 
creted. Filtration rates were determined by 
creatinine clearance in these e.xperiments. In 
normal adults the ratio of e.xcreted to filtered 
phosphate after parathyroid hormone injec- 
tion can be calculated from the data of other 
workers, assuming a filtration rate of 120 
cc min. The 5 subjects of Ellsworth and 
Howard^ excreted 11 to 41% of the phos- 
phate filtered in the second and third hours 
after injection of 40 units of parathyroid 
hormone. Essentially the same percentage 
of phosphate excreted may be calculated from 
the data for the two subjects of Goadby and 
Stacey'-' after doses of 60 and 100 units of 
parathyroid extract. 

Previous work has shovsm that the tubular 
transport of a number of substances may be 
depressed by P.AH. The tubular reabsorp- 
tion of ascorbic acid- and the tubular ex- 
cretion of penicillin^ are reduced by the 
presence of high plasma P.AH levels. The 
inhibition of tubular transport of these sub- 
stances may be so great that excretion occurs 
at the level of glomerular filtration. Glucose 
and P.AH appear to inhibit reciprocally the 
tubular transfer of each other. In dogs the 
T„, for glucose has been shown to be con- 
sistently depressed by high P.AH levels,'* In 
man, the opposite effect, an increased T..n for 
glucose in the presence of high P.AH levels, 
has been reported by Klopp. A'oung, and 
Taylor’" in 2 out of 4 patients studied. .An 
e.xplanation of this unexpected finding may lie 
in the fact that in their e.xperiments. the 
mannitol clearance, used as a measure of 

r Hnrrisim, II. K.. .nnil H:irrisirii. II. C.. J. Clin, 
hn r.-t.. mil, 20, IT. 

f n., :in.l Howar.l. . 1 .. Hull. Jvhn.« 

GoadUv, n. K.. ami R. S:.. ISinrhfm. J.. 

1031. "as. iiooe. 


glomerular filtration rate, was found to be in- 
creased significantly with high P.AH levels. 
It is possible that the augmentation of the 
mannitol clearance and consequently of the 
glucose Tn, was the result of an error in the 
determination of mannitol due to interference 
by P.AH. Barker and Clark” have recently 
shown that in the method used by Klopp 
cf a!, (periodate-iodide-thiosulfate titrimetric 
procedure), PAH causes a large positive error, 
to the extent of 0.27 mg of mannitol per mg of 
P.AH. The reciprocal effect, i.c., inhibition of 
the transport of P.AH by high plasma glucose 
levels has been consistently demonstrated in 
both dog and man.^-’"-’--”’ 

The nature of the inhibition of tubular 
transport can only be speculated upon. The 
inhibition of creatine reabsorption by glycine, 
alanine and glutamic acid” '-'’ and of xylose 
reabsorption b}’ glucose"’ has been attributed 
to competition for a common mechanism of 
limited capacitj’ inv-olving a single transport 
substance (B substance of Shannon'*). .Al- 
though such an e.xplanation may be valid for 
structurally similar substances, it is difficult 
to conceive of one enzymatic or chemical 
mechanism sufficiently versatile to act in such 
a widely differing manner as to secrete P.AH 
and penicillin or reabsorb ascorbic acid, glu- 
cose, and the phosphate ion. The circum- 
stance that 4 of the 5 substances just men- 
tioned are anions would suggest the existence 
of a tubular transport mechanism based on 
this property. However, the mutual inhibi- 
tion of glucose and P.AH speaks strongly 
against such an assumption. .Another point, 
possibly contradicting the idea of a common 
mechanism, is the fact that one of the sub- 

n’KIogi*. C.. Vonnp, N. F., .iiid Taylur. 11. C'.. 
•Tr., J. rtfii. /iii-r.sf.. IPRS. 24, 117. 

II U.TrJcfr, 11. G., and CI;irk, .1, K.. I’p.oc. Soc. 
Exe. Biol. .\.xd Man.. li>17. GI. ICO. 

le Grimelli. I,. .1., nu-rtat-k, M, M.. Rhett.-i, 
11. L.. Kendrick. A. B.. .and Forrest. It. .\.. J. ImV. 
Olid Clin. .1/rd., lOIS. tW. lf.17. 

1“ Kelley. V. C., and AfeDonald, It. K.. .Ini. ./. 
/'/.ii.viV., IPIS. l.H. 201. 

n ritts, U. F.. .Im. .r. /’Ini.-iii!., 1013, 140, I.-jO. 

It. F., Jm. J. Ph;i.<ic,l.. lOII. 140, .Sa.I. 
I'-. Slianinm, .1. .\., .Im. .1. Plnif Un.. 122, 

77.*5. 

n tikannon. .T. .\., PhvMol. 7.’rr.'.. I'l.ln. ID, d.-;. 
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PO 4 PAH 



NaPAH 
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W-—- — — ■ — NofmoJ Soiine n ,,., 

3cc/mjft JV 

Pjc. 1. 

I'liospJi.-itc excretion anti plasma PAH level. See te.vf for eJetoiJs. 


cretion increased following the injection of 
ICaPAH, regardless of the state of hydration 
of the subject. The maximum rate usually 
occurred during the first or second collection 
period following the rapid injection, not al- 
ways coincident with the highest plasma 
PAH concentration. The maximum rate 
of phosphaturia ranged from 0.017 to 
0.069 mOsmols/min., representing 2.3 to 16 
fold increases over the respective rates during 
preliminary periods. After reaching a maxi- 
mum, the e-xcretion diminished at a rate coin- 
ciding roughly w'ith the fall in plasma PAH 
concentration. 

Plasma phosphate concentration did not 
change significantly during the- course of the 
experiments. The phosphate level averaged 
1.40 mOsmols/liter for six specimens taken 
prior to the injection of NaPAH and 1.46 
mOsmols/liter for 19 specimens taken after 
the injection. 

In Fig. 1 is presented one of two experi- 
ments so arranged as to observe phosphate 


excretion at constant low plasma P.'^H levels 
(3 to 5 mg %>) and during the rise to and fall 
from higher concentrations. Throughout the 
experiment, with the e.\’Ception of the first two 
preliminary periods, normal saline was in- 
jected intravenously at a constant rate of 
3.0 cc/min. with sufficient NaP.AH added at 
intervals to produce the plasma concentra- 
tions shown. The effect of PAH in increasing 
the rate of phosphate excretion is readily 
apparent. 

Discussion. Under normal conditions ex- 
tensive tubular reabsorption of phosphate 
takes place. Assuming a filtration rate of 
120 cc/min., the amount of phosphate e.x- 
creted during the preliminary periods of the 
experiments here presented averaged 7^ of 
the amount filtered, .After injection of 
NaPAH during the periods of greatest phos- 
phaturia, assuming the same nitration rate, 
the phosphate e.xcreted ranged from 9 to 45%, 
with an average of 26% of the amount filtered. 
The inhibition of tubular phosphate reabsorp- 
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TABLE I. 

Effects of Dietiiry Tliyrnifl and C'hoicsforol in Male Rats. 
Figures are Average Oxygen Consuiniition and Standard Error. 



Tlivroid 

Cliolcsterol 

At onset 

After 3 wks 

After G wks 

After 9 wks 

Groups 

fed 

fed 

r 

— ml oxygcii/lOn g body wt/Iir- 


X 





123 -4- 4 

lOG ± .3 

108 ±4 

— 

c 

— 

+ 

121 ±2 

lOG ± 3 

10.5 -1- 3 

— 

T 

-L 

— 

122 2 

106 4 

1G2 G 

IGO G 

T + C 

-U 


121 -<- 4 

1.57 ± 3 

144 -t- 3 

144 ±4 


* Each group consisted of S rats. 


TABLE II. 

Effects of Dietary Thyroid and Clioic.sterol in Male Rats. .Yverage Body YVciglit Gain, Food 
Intake, and Tissue Cholesterol Content. 


Group- 

Thyroid 

fed 

Cliolosterol 

fed 

Body wt gain 
in 9 wks and 
standard error, 
g 

Food intake,! 

g/lOO g 
body ■wt/day 

Cholesterol content f 

r 

Plasma, 
mg/lOO ml 

\ 

Liver, 

% 

X 





122 +; 5 

.5.7 

.53 

0.21 

c 



-U 

109 7 

.5.9 

G2 

0.79 

T 

+ 

— 

SO ± 7 

7.1 

49 

0.24 

T 4- C 

4- 

+ 

72 -t- 8 

8.2 

.54 

0.81 


* Each group consisted of 8 rats. 

I Xo standard errors are given, since, in each group, the samples rvere pooled in lots of 2 or 3. 


of the e.xperimental diets was begun, and the 
oxt’gen consumption was determined every 3 
weeks. Body weights were recorded every 10 
days, and the food consumption was measured 
at 2 day intervals during the seventh and 
eighth week. 

After an e.xperimental period of 9 weeks, 
the animals were autopsied, and weights and 
total cholesterol contents of various tissues 
were measured, the latter according to a modi- 
fied Schoenheimer-Sperrx’-Chaney procedure.'’ 

Results. The data on the determination of 
the oxygen consumption indicate that the ad- 
ministration of thyroid raised the metabolic 
rate by about 60% (Table I). The addition 
of cholesterol to the high thyroid diet caused 
a reduction of this value by about 10%. the 
difference being statistically significant (P 
<0.01 for the 6 week period; P = approxi- 
mately 0.025 for the 9 week period). The 
metabolic rate of normal rats was not sig- 
nificantly modified by the addition of choles- 
terol to the diet. 

Thyroid administration depressed the body 
weight gain and stimulated the animal's appe- 
tite, as was to be e.\-pected (Table II). The 

* G. D., :m.t Winrlcr, K. .E, to be pul>- 

IfUicl. The authors are much obliged to Dr. 
Winrlcr for tlie privilege of using this appar.-ilus. 

To bo ]>ublUboil. 


addition of cholesterol to the diet did not 
modify the food intake significantly, neither 
in normal nor in hyperthxToid rats. It is 
obvious, therefore, that the depressing effect 
of dietary cholesterol on the metabolic rate 
can not be attributed to a decrease in food 
intake. 

Liver weights were found increased as a 
consequence of both thyroid and cholesterol 
administration, group T -f C showing the 
highest values. Th 3 Toid hormone, but not 
cholesterol, caused significant enlargement of 
the kidneys and adrenals also. These changes 
were to be e.xpecfed. 

Although total cholesterol concentrations 
of the plasma were not much modified, the 
level of liver cholesterol was markedh' in- 
creased b\' cholesterol feeding, regardless of 
the thyroid content of the diet (Table II). 

Discussion. Although cholesterol feeding 
significantK’ reduced the oxx'gen consumption 
of the hx-perthyroid rats, the decrease 
amounted to onl\' about 10% and xvas not 
sufficient for the metabolic rate to approach 
normal levels. The recenth’ reported protec- 
tive action of cholesterol as regards the sur- 
vival time of thxTotoxic rats is much more 
pronounced;^" it is questionable, therefore, 
whether this effect on the survival time is 
based on a mechanism related to the meta- 
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stances, phosphate, is an inorganic ion. 

The inhibition of tubular transport by 
PAH may be more adequately e.vplained by 
the hypothesis of a common energy source of 
limited capacity. Competition for the avail- 
able energy by the activity of the mechanism 
for the transport of one solute would then 
result in diminished transport of another 
solute. Neither the locus nor the character 
of the energy limitation can be stated. Some 
of the possible mechanisms involved have 
been discussed by Selkurt- and by Houck.’* 

It should be emphasized that the inhibition 


of tubular transport of one substance by an- 
other may result in serious error when several 
renal functions are measured simultaneously. 

Summary. The urinarv e.vcretion of phos- 
phate is increased by the injection of sodium 
p-aminohippurate in man. The e.vtent of the 
phosphaturia tends to vary directly with the 
plasma PAH level. At high P.AH levels, the 
amount of phosphate excreted averages 26% 
of that filtered, a proportion comparable in 
magnitude to that reported after injection of 
parathyroid hormone. 

Received May 16, 1049. P.S.E.B.M., 1949, 71. 


1 / 180. Effect of Dietary Cholesterol on the Metabolic Rate of Hyperthyroid 
Rats.* 


L. E. Winebrenner* and W. Marx. 


From Vie Department of Biochemistry and 
School of Medicine, 

It was recently observed that dietary 
cholesterol increases the survival time of rats 
fed toxic doses of thyroid hormone.^’- In an 
attempt to learn whether this protective 
action of cholesterol is correlated with a cor- 
responding modification of the effects of 
thjToid on the metabolic rate, the influence of 
dietary cholesterol was investigated on the 
oxygen consumption of hyperthyroid rats. 

Methods. Thirty-two male rats (USC 
strain), about 9 weeks of age, were distrib- 
uted evenly among 4 groups which received 
the following diets ad libitum'. I. This lab- 
oratory’s stock diet, slightly modified to con- 

These data are from a thesis presented by 
Louis E. Wiiiebrenner to the Graduate School of 
tlic University of Southern California in partial 
fulfillment of the degree of Master of Science. 
The authors wish to express their appreciation for 
the use of the facilities of the Hancock Founda- 
tion. Paper Ko. 219 from the Department of 
Biochemistry and Nutrition. 

t Captain, USAP. Present address: Hq. USAP, 
Director of Armament, Pentagon Building, 'Wash- 
ington, D.C. 

IMarx, W., Meserve, E. E., and Deuel, H. J., 
Jr., Pkoo. Soc. E.XP. Bion. and Med., 1948, 67, 
385. 

2 Ershoff, B. H., and Mar.x, W., Bxp. Med. and 
Siiry., 1948, 6, 145. 


Kutrition, Uttiversity of Southern California 
Los Anyelcs, Calif. 

tain more vitamin B complex! (“N”). H- 
Diet I, containing, in addition, 1 to 2% 
cholesterol^ (“C”). HI. Diet I, containing, 
in addition, 0.15% desiccated thyroid U-S.?.? 
(“T”). IV. Diet I, containing, in addition, 
both 0.15% thyroid and 1 to 2% cholesterol. 
(“T -j- C”). .4t first, cholesterol was fed at a 
level of 1%, but after 3 weeks, its concentra- 
tion in the diet was raised to 2%. The choles- 
terol was dissolved in hot cottonseed oil, re- 
placing a corresponding amount of oil in the 
diet. In order to increase cholesterol absorp- 
tion, 0.25% bile saltJ was added to all diets.® 

The o.xygen consumption was determined 
using a closed circuit apparatus provided with 
separate chambers for individual animals.’* 
.After repeated measurements during a pre- 
liminary training period of 5 weeks, feeding 

t Whole whe. 1 t, 32.59!:; oats, 32.75%; skimmed 
milk, 10%; alfaif.i meal, 4%; yeast, Aaheuser- 
Buseh strain G, 9.5%; Wesson oil, 8%; fortified 
oil containing 1500 I.U. vitamin A/g and ICO I.U. 
vitamin Do/g, 2%; sodium chloride, 0.5%; cal- 
cium carbonate, 0.5% ; bile s.ilt, 0.259'r. 

} Cholesterin c.p.. Amend Drug and Chemical 
Co., A'ew Tork City; desiccated thyroid, U.S.P., 
Armour and Co., Cliicago, Ilh; sodium glyco- 
eliolatc (pure), City Chemical Corp., New Torn 

City* » 

ii'schoenheimer, R., Biochem. Z-, 1924, 147, 2oS. 
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slanting position at 34 °C. Supernatant fluids 
were replaced each 7 to 14 days, i.c., as the 
pH fell from 7.5 to 7.0. The plasma was 
patched at these inter\"als as required. All 
cultures were examined each week and, until 
their shape became irregular as they almost 
filled the plasma, measured along two diame- 
ters by means of an ocular micrometer. For 
the present purpose additional notes were 
made on the pH and the turbiditj' of the 
media, the occurrence of precipitate in the 
liquid phase, and on the opacity of the ex- 
plants and of the plasma. 

The chicken plasma (CBJ contained 0.2% 
sodium citrate. Chick embryos were pressed 
through a Latapie grinder and extracted wth 
2 ml balanced salt solution (lacking 
NaHCOa) per gram of embrj'o. These sus- 
pensions were spun immediately in the SP 
angle centrifuge for 30 minutes at 3000 RPM. 
The supernatants, after having been respun in 
the same way, were remarkably clear except 
for an upper stratum of lipoid. ttTien ad- 
justed to neutrality and buffered noth 0.125%. 
XaHCO.i, the concentration of these extracts 
became 30% (£3/,io). The salt solution, 
Sol. A, (othenvise as before)*’ contained 0.2 g 
per liter of CaCl:- and 0.06 g each of 
Xa.HPO^ • 2HoO and of KH2PO4. After 
adding to the autoclaved salt solution 10% 
by volume of sterile 1.4% XaHCOa, the con- 
centration of bicarbonate became 0.127%, 
of Ca 6.5 mg%, and of inorganic P 2.2 mg%. 
•A similar So/. .V (no Ca or P) and other 
modifications will be mentioned in the text. 

In the early work placental serum (PLS) 
was collected as available and preserx-ed by 
Chrycchem dehydration. When reconstitu- 
ted, 0.1% glucose and 0.002% phenol red 
were included and the serum further diluted 
to 50% in the balanced salt solution. It 
was sterilized by pressure filtration (5% 
CO2) through a Seitz filter. The Seitz pads 
were found to contribute Mg ions and alkaline 
radicals, and this method was replaced by 
aseptic collection of serum. The composi- 
tion of fluid media will be indicated in code, 
r .g., referring to placental serum 

25%. embryo juice 15%. 

Chcmiinl dctcrm/natiou. Both calcium and 
inorg;mic phosphate were determined in 


trichloracetic acid filtrates. Calcium was de- 
termined by Tisdall's modification*' of Kramer 
and Tisdall's method and phosphorus b\' 
Brigg's' modification of the Bell and Doisy 
method. \’’alues for Ca and inorganic P in 
mg% will be written as exponents. Ca x P 
will designate the product of these values. For 
example, Ca x P of the salt solution; 
Ca*'-*’ X P-- = 14.3. 

Expcrhiicnlal results. After many earh' 
attempts to emploj- 15% chick embryo juice 
in the presence of 25% human serum, it be- 
came exddent that several conditions influ- 
enced the calcification. These factors in- 
cluded; the age of the embrj'os employed, 
the proportion of embryo juice mixed with 
the serum, and different methods of preparing, 
storing, or treating the embryo juice. 

Age oj Embryos. Various batches of ex- 
tract from pools of 10-day-incubated embr\'os 
differed remarkabh' in their ability to cause 
calcification. Since Philippine chickens hide 
their nests, overage eggs were unavoidable 
among the freshest obtainable. ' On one 
occasion marked calcification resulted from 
a single application of medium containing 
embrj'o juice from a pool of 5 embryos, one 
of which was perhaps 12 or 13 days actual 
age. From such observations it became ap- 
parent that calcification in vitro was related 
to the development of the calcifjnng mecha- 
nisms of the chick embryo. Data eventually 
collected on Ca and P values in relation to 
the age and weight of embryos (see Table I) 
revealed that the Ca x P of the embryo juice 
averaged 68.5 by the 11th day of incubation 
and reached approximately 100 by the 12lh 
day. It will be noted that the tjpical Ca ; P 
ratios at 11 days average 1;2.4 and arc in- 
verted by comparison with mammalian ratios. 

Comparisons between extracts from 9- and 
11-day embryos from the same lots of egas 
revealed that the juice from the 11-day 
embryos (in PLSi:.EM\r,) usualU' induced 
calcification after second renewal of the 
medium while juice from the 9-day embryos 
permitted 3 or 4 renewals. 9-day extracts, 
however, were inferior to ll-day juices for 
growth stimulation and for continuous main- 

F. F.. Chi iii ., ."f!. 

riJric};*. .\. I*., .r. ISio !. Chnii .. lf‘22. .'Rl. 1?,. 
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bolic rate. 

The results reported here may be related, 
however, to observations of Saegesser,® who 
reported a depression by cholesterol of thy- 
roxine effects on the rate of metamorphosis 
of tadpoles, and on the oxygen requirement 
of rats in the oxygen deficiency test (“Sauer- 
stoffmangelversuch”) of Asher and StreuliA 

Sacgcsscr, M., Klin. Tl'ochcnschr., 1933, 13, 

672. 


Summary. Dietary cholesterol significantly 
decreased the oxygen consumption of thyroid- 
fed rats, but the reduction was not sufficient 
for the metabolic rate to approach normal 
levels. This effect of cholesterol cannot be 
attributed to a depression of the food intake. 

• Asher, L., and Streuli, H., Bioclicin. Z., 1918, 
87, 359. 

Received May 24, 1949. P.S.E.B.M., 1949, 71. 


1 7^181. Calcification of Cell Cultures in the Presence of Embryo Juice and 
Mammalian Sera. 


John H. Hanks. 

From Leoiwril flood Jilemoriol, Feimrimcnt of Bacteriology and Immnnology* Barvard 

Medical School, Boston, Mass. 


Upon undertaking to learn if leprosy bacilli 
would multiply in cells cultured from leprous 
lesions, the mistake was made of trying to 
use the serum and chick embryo juice in pro- 
portions suitable for the cultivation of chick 
tissues. Following the first or second renewal 
of a liquid phase composed of human serum 
25% and chick embryo juice 15%, the 
central explants or transplants became opaque 
to transmitted light and a brownish precipi- 
tate accumulated in the surrounding plasma. 
Once this happened a further renewal of the 
same type of medium caused a dense precipi- 
tate to appear among the growing cells, in- 
hibiting growth and usually resulting in loss 
of the cultures. In the meantime the central 
fragments have acquired, by reflected light, 
a whitish color due to the accumulation of 
bone salts, and could be heard to crunch 
when cut with a knife. Though the phenome- 
non described may have been an extreme e-v- 
ample of rapid calcification in cell cultures, 
similar difficulties have plagued other in- 
vestigators. Earle^ reported trouble with 
opaque plasma (in this case in areas removed 
from the colony sites) during the cultivation 
of Walker’s rat carcinoma in horse serum 
and chick embryo juice. Gey and Gey" re- 

* The greater p.n-t of the work was done in the 
Leonard Wood Jleniorial Laboratory, Cniion, 
Philippines, 1941-43. 

1 Earle, W. E., Am. J. Cancer, 1931, 24, 566. 


ported unfavorably on the use of chick 
embryo juice ivith human cord serum and 
later stated^ that the difficulty was associated 
with turbidity in the plasma. Parker'* reports 
that “these precipitates have been encoun- 
tered in many laboratories and in every sort 
of culture. In Fischer’s laboratory, in Berlin- 
Dahlem, where there was a lot of it at one 
time, the general feeling developed that it was 
a calcium compound and related in some way 
to the Tyrode’s solution that was being used.” 


Since chick embryos were the onlj^ source 
of tissue extract available at Culion, the 
factors causing calcification were studied and 
means developed for avoiding or minimizing 
these difficulties in the presence of mammalian 
sera. 


Methods. Cultures were prepared as prew- 
ously described,® e.xcept that 2% embryo juice 
was used to transfer the 1.5 mfn explants of 
human skin, leproma, or dhdded tissue culture 
to the 13 mm tubes containing one drop of 
chicken plasma 50%. After adding 0.5 ml 
of liquid phase and equilibration under 30 mm 
(4%) COo, the tubes were incubated in a 


2 Gey, G. 0., and Gey, SI. K., Am. J. Cancer, 
1936, 27, 45. 

3 Gey, G. O., personal eoinniunic.'iHon. 

-» Parker, K. C.. persoiml comnuniie.ntion. 
.-.Hanks, J. H., J. Cell, and Comp. Physio!., 

1948, 31, 235. 
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slanting position at 34 °C. Supernatant fluids 
were replaced each 7 to 14 days, i.e., as the 
pH fell from 7.5 to 7.0. The plasma was 
patched at these intervals as required. All 
cultures were e.xamined each week and, until 
their shape became irregular as thej* almost 
filled the plasma, measured along two diame- 
ters by means of an ocular micrometer. For 
the present purpose additional notes were 
made on the pH and the turbidity of the 
media, the occurrence of precipitate in the 
liquid phase, and on the opacity of the ex- 
plants and of the plasma. 

The chicken plasma ( CH ) contained 0.2% 
sodium citrate. Chick embryos were pressed 
through a Latapie grinder and extracted udth 
2 ml balanced salt solution (lacking 
NaHCO») per gram of embiym. These sus- 
pensions were spun immediately in the SP 
angle centrifuge for 30 minutes at 3000 RPM. 
The supernatants, after having been respun in 
the same way, were remarkably clear except 
for an upper stratum of lipoid. ^Vhen ad- 
justed to neutrality and buffered unth 0.125%, 
NaHCOn, the concentration of these extracts 
became 30% (Eil/so)- The salt solution, 
Sol. A, (otherwise as before)^ contained 0.2 g 
per liter of CaCl:- and 0.06 g each of 
Xa.,HP04 • 2H:.0 and of KH.PO4. After 
adding to the autoclaved salt solution 10% 
by volume of sterile 1.4% NaHCO.i, the con- 
centration of bicarbonate became 0.127%, 
of Ca 6.5 mg%, and of inorganic P 2.2 mg%. 
A similar Sol. X (no Ca or P) and other 
modifications will be mentioned in the text. 

In the early work placental serum (PLS) 
was collected as available and preseix'ed by 
Chryochem dehydration. When reconstitu- 
ted, 0.1% glucose and 0.002% phenol red 
were included and the serum further diluted 
to 50% in the balanced salt solution. It 
was sterilized by pressure filtration (5% 
CO-) through a Seitz filter. The Seitz pads 
were found to contribute Mg ions and alkaline 
radicals, and this method was replaced by 
aseptic collection of serum. The composi- 
tion of fluid media will be indicated in code, 
c.g., referring to placental serum 

25%, embryo juice 15%. 

C/ifoiical (Icicrmittalioii. Both calcium and 
inorganic phosphate were determined in 


trichloracetic acid filtrates. Calcium was de- 
termined by Tisdall's modification'’ of Kramer 
and Tisdall’s method and phosphorus by 
Brigg’s^ modification of the Bell and Doisy 
method. Values for Ca and inorganic P in 
mg% will be uTitten as exponents. Ca x P 
will designate the product of these values. For 
example, Ca x P of the salt solution; 
Ca*'-- X P= - = 14.3. 

Experimental results. After many early 
attempts to employ 15% chick embrjm juice 
in the presence of 25% human serum, it be- 
came evident that several conditions influ- 
enced the calcification. These factors in- 
cluded; the age of the embryos employed, 
the proportion of embryo juice mixed with 
the serum, and different methods of preparing, 
storing, or treating the embryo juice. 

.4ge oj Embryos. Various batches of ex- 
tract from pools of 10-day-incubated embryos 
differed remarkably in their ability to cause 
calcification. Since Philippine chickens hide 
their nests, overage eggs were unavoidable 
among the freshest obtainable. On one 
occasion marked calcification resulted from 
a single application of medium containing 
embryo juice from a pool of 5 embryos, one 
of which was perhaps 12 or 13 days actual 
age. From such observations it became ap- 
parent that calcification in vitro was related 
to the development of the calcifying mecha- 
nisms of the chick embrj'o. Data eventually 
collected on Ca and P values in relation to 
the age and weight of embryos (see Table I) 
revealed that the Ca x P of the embrj-o juice 
averaged 6S.5 by the 11th day of incubation 
and reached approximately 100 by the 12 th 
day. It will be noted that the Dpical Ca : P 
ratios at II days average I; 2.4 and arc in- 
verted by comparison with mammalian ratios. 

Comparisons between extracts from 9- and 
1 1-day embryos from the same lots of eggs 
revealed that the juice from the 11-day 
embr3’03 (in PKSo.-.Fil/ir.) usuallj’ induced 
calcification after second renewal of the 
medium while juice from the 9-day embrv-os 
permitted 3 or 4 renewals. 9-day extracts, 
however, were inferior to 11-day juices for 
growth stimulation and for continuous main- 

'■•TiMt.Tll, r. F,, .1. JlinJ. Cl, rill., 50, A,"!!). 

• Brices, A. 1’.. . 1 . Hi, a. Chrm.. I'lgC. 5:5. i;!. 
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bolic rate. 

The results reported here may be related, 
however, to observations of Saegesser,® who 
reported a depression by cholesterol of thy- 
roxine effects on the rate of metamorphosis 
of tadpoles, and on the oxygen requirement 
of rats in the oxygen deficienci' test (“Sauer- 
stoffmangelversuch”) of Asher and Streuli.'^ 

c Suegcsser, !M.. KVni. TTocheiischr., 1933, 12, 
G72. 


Summary. Dietary cholesterol significantly 
decreased the oxygen consumption of thjToid- 
fed rats, but the reduction was not sufficient 
for the metabolic rate to approach normal 
levels. This effect of cholesterol cannot be 
attributed to a depression of the food intake. 


‘ Aslier, L., aiicl Streuli, H., Biocliem. Z., 1918, 
87, 359. 

Received M.oy 24, 1949. P.S.E.B.M., 1949, 71. 


1/ 181. Calcification of Cell Cultures in the Presence of Embryo Juice and 
Mammalian Sera. 


John H. Hanks. 

From Lcoiinrct Wood MemorM, Department of Dacteriolopy and Imnuinolopn,* Harvard 

Medical School, Boston, Mass. 


Upon undertaking to learn if leprosy bacilli 
would multiply in cells cultured from leprous 
lesions, the mistake was made of trying to 
use the serum and chick embryo juice in pro- 
portions suitable for the cultivation of chick 
tissues. Following the first or second renewal 
of a liquid phase composed of human serum 
25% and chick embryo juice 15%, the 
central explants or transplants became opaque 
to transmitted light and a brownish precipi- 
tate accumulated in the surrounding plasma. 
Once this happened a further renewal of the 
same type of medium caused a dense precipi- 
tate to appear among the growing cells, in- 
hibiting growth and usually resulting in loss 
of the cultures. In the meantime the central 
fragments have acquired, by reflected light, 
a w'hitish color due to the accumulation of 
bone salts, and could be heard to crunch 
when cut with a knife. Though the phenome- 
non described may have been an extreme ex- 
ample of rapid calcification in cell cultures, 
similar difficulties have plagued other in- 
vestigators. Earle^ reported trouble with 
opaque plasma (in this case in areas removed 
from the colony sites) during the cultivation 
of Walker’s rat carcinoma in horse serum 
and chick embryo juice. Gey and Gey- re- 

* The greater part of the work was done in the 
Leonard Wood Jlemorial Laboratory, Cnlion, 
Philippines, 1941-43. 

1 Earle, W. E., Jm. J. Cancer, 1931, 24, 566. 


ported unfavorably on the use of chick 
embryo juice ivith human cord serum and 
later stated® that the difficulty was associated 
with turbidity in the plasma. Parker^ reports 
that “these precipitates have been encoun- 
tered in many laboratories and in every sort 
of culture. In Fischer’s laboratory, in Berlin- 
Dahlem, where there was a lot of it at one 
time, the general feeling developed that it was 
a calcium compound and related in some way 
to the Tyrode’s solution that was being used.” 

Since chick embryos were the only source 
of tissue extract available at Culion, the 
factors causing calcification were studied and 
means developed for avoiding or minimizing 
these difficulties in the presence of mammalian 


sera. 

Methods. Cultures were prepared as previ- 
ously described,® except that 2% embryo juice 
was used to transfer the 1.5 mm explants o 
human skin, leproma, or divided tissue culture 
to the 13 mm tubes containing one drop of 
chicken plasma 50%. After adding 0.5 m 
of liquid phase and equilibration under 30 ram 
(4%) COi, the tubes were incubated in a 


2 Gey, G. O., and Gey, M. K., A'"- <1- Canerr, 
J36, 27, 43. 

3 Gey, G. 0., personal eommunieation. 

■» Parker, R. C. personal comniunii-ation. 
3Hank.s. J. H., J. Cell, and Comp. Floj^wl., 


1948,31, 235, 



Calcificatiox of Cell Cultures 


331 


TABLE II. 

Ca and P A'alucs Upon Mixing Various Proportions of Piacontal Serum 50'yc rvitli 11-dav Chick Em- 
bryo Juice 30%, and Their Eolation to Calcification of Tissue Cultures. 

Ca and P 

contributed Initial Potenti.al 

Formula by each Ca x P Applications Ca x P 


of 

iiieilium 

% 

Proportion 
of each 
component 

Ca 

P 

Dlg% 

C : P 
ratio 

product 

of 

medium 

required to 
produce 
calcification 

product 

of 

medium 

ri.s .'lO* 

C/G 

9.0 

5.0 

1: 0.6 

(4.5.0) 



EM 30' 

G/6 

G.O 

13.0 

o o 

(TS.O) 



ri.s 17 

2/6 

3,0 

1.7 





EM 20 

4/G 

4.0 

S.7 

1: 1.5 

72.S 

O 

79,3 



T 7.0 

10.4 





FLS 25 

3/0 

4.0 

2.5 





EM 15 

3/G 

3.0 

6.5 

1: 1.2 

67.5 

3 

74.S 



T7.0 

9.0 





PLS 33 

4/G 

6.0 

3.3 





EM 10 

2/6 

2.0 

4.3 

1: 1.0 

60. S 

4 or 5 

t>7.o 



T8.0 

7.6 





PLS 42 

.5/6 

7.5 

4.2 





EM 5 

1/6 

1.0 

•> 2 

1: O.S 

54.4 

0 to S 

5S.1 



TS.o 

6.4 






* Composition of ingredients used to prepare the niediunn 
Method of calculating initial Ca : P and Ca x P shown in detail. 

T = Total Ca and P upon making mixtures. Potential Cn x P calculated in similar manner, using 
the Ca aud P values of EMao whicli has been incubated for one week, i.c., Ca-t c. Pic.o. 


half of the pulp was suspended in the usual 
So^ .‘I and the other half in Sal A' (no Ca 
or P). The e.’ctracts were centrifuged im- 
mediately. The extracts in Sol A averaged 
Ca5-3 pi3 _ 58 . 9 , while those in Sol A' 
averaged Ca’*-^ x P*® ' = 66. In this brief in- 
terval the pulp had practically saturated Sol A' 
with these elements. P exceeding Ca by ap- 
proximately 4 times, ^^'hen employed in 
serum media of the tj^pe illustrated in Table 
II. the extracts in Sol .V produced more rapid 
calcification than those in Sol A. Calculation 
shows that this was to have been expected 
from the high Ca x P values produced upon 
mixing the high Ca of the serum and salt 
solutions with tissue extracts having P values 
around 16. 

Correct Ca and P ratios (but high prod- 
ucts) could be produced in fresh extracts by 
diluting the pulp in balanced salt solution 
containing elevated Ca and no P. Upon 
incubation, however, these extracts precipita- 
ted excessively. Calculation indicated that 
this modification was impractical, since each 
mgCf of additional P liberated bv phos- 
phata.'^s must now be multiplied by a higher 
initial level of Ca. 


Since P is dialy'zable. correct values and 
ratios for Ca and P should be obtained by 
dialysis of embryo juice. A fresh embryo 
extract containing P*® " was diluted with 2 
volumes of balanced salt solution containing 
Ca‘P®, to produce an anticipated value of 
Ca®-^ and P^®. Upon being rapidly con- 
centrated to the original volume in a pressure 
dialyzer modified after Simms,® the first half 
of the filtrate contained 3.5 mg^o of P, the 
second half 3.6, and the residue in the bag 
3.7 mg% of P. Though this procedure can 
produce embryo juice of anj* desired P value, 
it is not practical as a routine and also washes 
out small molecules which are important to 
nutrition. 

Pasteurization to inactivate phosphatases. 
Inactivation of phosphatases by pasteurizing 
the embryo juice at 60° for 30 minutes, which 
causes some coagulation of protein, reduced 
the initial P values by 1-2 mg% and the 
Ca X P products by approximately 6 to 12. 
The P values did not rise on incubation of 
this juice alone and rose onh' slowly during 
the incubation with serum, presumably due 

esimm-!. 11. S., .nnd Slillm.in, X. l\. J. Gen 
PhyMnl, IP37, III, 20. CtP. 
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TABLE I. 

Effect of Age of Pooled Embp-os on the Ca and P Tallies of Fresh 


Pool 

No. 

Incubation 
of eggs 
(days) 

Avg wt* 
of embryos 
(g) ' 

Ca 

(mg %) 

P 

(nig %) 

Ca X P 

Eatio 
C.1 : P 

1 

8 

1.0 

4.0 

7.4 

29.6 

1: 1.9 

- 

10 

1.5 

4.1 

10.2 

41.8 

1; 2.0 

3t 

11 

1.9 1 

6.2 i 

8.7f 

53.9 f 

1; 1.4t 

■i 

11 

2.3 

5.4 

12.3 

66.4 

1: 2.3 

0 

11 

2.4 

5.2 

13.1 

68.1 

1: 2.5 

0 

11 

2.6 

5.0 

12.9 

71.0 

1: 2.3 

7 

12 

3.0 

7.0 

14.9 

104.2 

1: 2.1 

Avg 

values for No. 4-G 






(11-day Em) 

2.4 

5.4 

12.8 

68.5 

1: 2.4 


* These eggs were much smallci- t]ian American eggs. 

t Unusual Ca and P values and not averaged u-ith No. 4-G; tlie only 11-day EM studied uhieh 
failed to cause calcification when used at 15% levels. 


tenance of human fibroblasts. It was de- 
cided to continue the work with e.x’tracts pre- 
pared from Il-day embryos. 

Varying proportions of serum and embryo 
juice. As may be seen in Table II, the use of 
varying proportions of 50% serum and 30% 
embryo juice in a series of experiments re- 
vealed that PLS-i-rEM«e usually produced 
calcification after a second application (fol- 
lowing one renewal); PLS^-oEMi^ ordinarily 
permitted 3 applications; PLSzzEMie was 
tolerated for 4 or sometimes 5 applications, 
while PLSieEMri could be employed during 
intervals up to 8 weeks. The latter medium 
was the only one which assured that long-term 
cultures would not be lost due to calcifica- 
tion during repeated transplantation. In it 
the ex-plants or transplants sometimes turned 
opaque but the precipitate did not spread 
among the growing cells. 

From the Ca and P data in the table it 
is apparent that the media with higher pro- 
portions of embryo juice contained P in ex- 
cess of Ca. Furthermore, the higher Ca x P 
values occur where there is the least serum 
protein to stabilize these compounds in solu- 
tion.® It was only when the embryo Juice 
was reduced to 5% .that Ca was appreciably 
in excess of P and the “potential” Ca x P 
could be e-xpected to remain below 60. 

Since P is liberated during incubation of 
the cultures, and both Ca and P are absorbed 
in the plasma and the explants, these potential 

S Roseiilipim, A. H., Biocliem. J., 1934, 28, 699. 


values could not be determined without de- 
struction and analysis of cultures being main- 
tained for another purpose. Evidence that 
fresh embryo juice is saturated with respect 
to Ca and P and that active phosphatases 
liberate still more P during incubation will 
be presented in justification of the calcula- 
tions employed. 

Embryo juice as a solution saturated with 
Ca and P. Though the actual levels of Ca 
and P tended to vary in different lots of ex- 
tract from 11 -day embryos, these values were 
usually related inversely to each other and 
showed fairly good correlation between the 
Ca X P products and the average weights of 
the embryos emploj'ed. The relatively clear 
extracts were observed to become more 
opalescent or actually turbid during refrigera- 
tion. "When incubated at 37° for a few days, 
they quickly passed through a cycle of opal- 
escence, turbidity and sedimentation. In 9 
extracts which were allowed to pass through 
this cycle for 3 to 3 days at 37° the average 
initial values of Ca"® x P^®® = 66.8 had 
changed to Ca^" x pi®'i = 67.6 after incuba- 
tion. These products indicate that the fresh 
embryo juice was saturated. The increase in 
P had been more than the indicated 28%, 
since some had been involved with the Ca 
precipitated. 

Other evidence of saturation appeared upon 
trying to suspend fresh embryo pulp in salt 
solutions designed to lower or modify the 
levels of Ca and P. 4 batches of H-day 
embryos were pulped without diluent. One 
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TABLE IV. 

Data for Estimation of Initial Ca and P Products of Media AVhicli Combine Human Scrum with 

Chick or Beef Embryo Juice. 



EM.-,„, chick 

EM 5 ,,, beef* 

Balanced salt 

Placental scrum 

( 11 -dav cnibrvos) 

(4-inch embrr'os) 

solution 

% Ca P 

Tr Ca P 

% Ca P 

'/c Ca P 


100 

12.0 

5.5 

50 

4.3 

13.9 

50 

10..1 

12.0 

100 

5.0 

2.4 




lot 

1.3 

4.2 

lot 

3.2 

3.6 







10 

0.9 

2.S 

10 

2.1 

2.4 




60 

7.2 

3.3 

6i 

0.5 

1.7 

6t 

1.3 

1.4 

28 

1.4 

0.7 

50 

6.0 

2.S 

5 

0.4 

1.4 

5 

1.1 

1.2 

40 

2.0 

1.0 

40 

4.8 

.1 0 

4 

0.3 

1.1 

4 

0.8 

1.0 

52 

2.6 

1.3 

30 

3.6 

i.7 

3 

0.3 

O.S 

3 

0.6 

0.7 

64 

3.2 

1.5 

20 

2.4 

1.1 

.1 

0.2 

0.6 

•> 

0.4 

0.5 

76 

3.8 

l.S 

10 

1.2 

0.6 

1 

0.1 

0.3 

1 

0.2 

0.2 

8S 

4.4 

2.1 


1. Ca and P of constituents employed. 

2. Tliese concentrations of embryo .iuicc, though satisfactory u-ith chicken serum, are not 
recommended in the presence of mammalian sera. 

3. If using 10:1 ratios of serum and embryo juice simply add the values on appro])riate 
horizontal line, using data for the embryo juice employed. Othenvise add the values for the 
actual concentrations being used. 


Example 



9!- 

Ca 

P 


40 

4.8 


EM^ (beef) 

.8 

0.8 

I.'o 

Salt S(il 

52 

2.6 

1.3 



8.2 

•V 4.5 


Ca X P 


.30.'* 


* Data from Dr, Geo. 0. Gey, e.xtract prepared 
in salt solution with Caa a and Pa.o. 

f Values take into aeemint the fact that 50^ 
extracts occupy twice the volume indicated by the 
percentage concentrations. 


tential" Ca .\ P will exceed 60. The suita- 
bility of such formulae presumably depends 
on the fact that the increased concentration 
of serum protein raises the levels of Ca x P 
which can be kept in solution.® 

Discussion. The calcification of tissue cul- 
tures in mammalian sera as here described 
should not be confused with the Liesegang 
rings of calcium salts which were observed in 
‘■aerobic” chick embryo cultures by Hueper 
and Russell"’ and others to whom they refer. 
Calcification does not occur in chick cell 
cultures at appropriate pH. even in high con- 
centrations of embryo juice and in the pres- 
ence of 40% oxygen. The phenomenon of 
Hueper and RusselP" must be attributed to 
excessive alkalinization in cotton stoppered 
vessels. 

Since mixtures of embryo juice and chicken 
serum may become highly opalescent without 
inducing calcification, the difference between 
chicken serum and the mammalian sera may 
be related in part to the unusual capacity of 

i"llm'pi-r. W, (•., yU A., Jni.~.r. 

•Iff it. .s’(-ii nri'«, tuaa, ISO, ,as.a. 


chicken serum to carry' high Ca and P 
values.” Further indication of differences 
between chick and mammalian systems is 
afforded by the obsen^ations ' of Fell and 
Robinson’- on the resistance of the chick 
femur to calcification. 

The calcification of mammalian tissue cul- 
tures in the presence of mammalian sera under 
similar circumstances is explained primarily' 
by the high P values contributed by embryo 
juice and by the lower levels of bone salt re- 
quired for saturation, while the differences 
between the 3 mammalian sera are doubtless 
related to differences in the natural levels of 
total and diffusible calcium.'-’ 

It would appear that cultirated mammalian 
tissues may differ in their phosphatase activity 
in vitro. With rat tissues in the media here 
described the plasma tended to remain clear 

II GriH'iiliiTg, D. Jl.. L.Tw.sim, {’. E., IV.ir.snn. 
I’. B.. .111(1 Burmester. B. It., Foiiltni .‘teicner, 103G 
l.T, 4S3. ■ ■ ’ 

I-’ Fell. JI, B.. .111(1 Boliinnoii, R., Jliochrm .1 
IMt, 08. 2243. ' 

i-i Scliiiiidi. C. .ind Greenberg, I). Jt. 
Plijl.'-iiil. Ilrr., I>. 13 , 3 , l.T, 3117. ’ 
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to serum phosphatase. These extracts, when 
used in PLSn:,EMPi:, induced good growth 
and permitted continuous maintenance of 
several series of cultures in which all of the 
control cultures in unheated embryo juice 
were lost by calcification. The pasteuriza- 
tion of embryo juice has previously been 
shown to inhibit the liberation of free lipoid 
and to promote greater longevity of chick 
embryo cultures than is possible with fresh 
embryo juice.® 

• Calcification studies in plasma blanks with 
4 types oj serum. Though growing cell colo- 
nies obviously play a role in phosphate libera- 
tion and CaP deposition near the central ex- 
plants, blank tests in the plasma base with 
serum-embryo juice mixtures renewed at 
weekly intetA'als proinded a convenient meth- 
od for comparing different degrees of super- 
saturation, for example in systems contain- 
ing serum from different animal species. 
These experiments were undertaken because 
Carrel had warned against the opacity which 
dei'elops promptly if rabbit serum is em- 
ployed in tissue cultures, because our attempts 
to substitute bovine for human serum had 
always increased calcification, and because the 
embryo juices referred to in this study had 
not been causing calcification in chick embryo 
tissue cultures. 

The data in Table III summarize the ob- 
servations on 3 batches of embryo juice in 
combination \rith 4 animal sera. Though the 
human and bovine sera gave comparable re- 
sults in 2 of the trials, it is evident from the 
summarized scores, together with the ex- 
perience in tissue cultures, that the 4 sera 
may be arranged as follows with respect to 
calcification: rabbit> bovine> human> 


:hicken. 

During these tests in the absence of cell 
;olonies it became evident that a slowly in- 
;reasing opalescence of the supernatant media 
lontaining mammalian sera provided the most 
'avorable circumstance for calcification of 
the plasma layer, but that chicken serum 
nedia could become highly opalescent without 
inducing calcification. When incubated m 
olain glass tubes for several lyeeks, both 
rabbit and chicken serum media liberated 
more free lipoid (which appeared as a scum 


TABLE irr. 

Calcifying Tcnclency of Scrum fiom 3 Maiiimali.TO 
Species and from Cliiekens, as Eevcaled in Pi.isma 
Bl.anks. 


Embryo 

juice 

Xo. 

Opacity in plasma following weekly re- 
ncw.ll with serum 25% .uid piubryo 
juice lo9r (sera) 

Babbit 

Bovine 

Human 

Chicken 

03 

034 

012 

012 

000 

67 

044 

- 023 

023 

000 

70 

144 

023 

002 

001 

Total 

scores* 

ooo 

58 

37 

1 


*■ The 3 values for each serum represent the 
opacity rating on a plus scale at the end of tlie 
first, second and tliird weeks of the e.vperiaicnt. 
•For c.xample, 034 indicates no opacity after 1 
week, 3-1- opaeitj' after 2 weeks and 4+ after 3 
weeks. To illustrate the difference hetween the 
sera, these values are simply added as a total 
“score.” * 

on the surface) than the bovine or human 
sera. The relation of free lipoid to lipoid 
accumulation in ceils has been emphasized 
elsewhere.® 

Preparation oj media with acceptable Ca 
and P content. The data in Table IV provide 
a basis for estimating the total Ca and P 
content of media composed of human placen- 
tal serum and chick or beef embryo juice. 
The ingredients differ from those used at 
Culion. The salt solution (prior to the addi- 
tion of buffer) contains only S mg% of Ca, 
the approximate concentration of diffusible 
Ca in human serum. V®hen mixed with any 
proportion of serum it provides ionized Ca 
levels similar to those in bodj’ fluids of cor- 
responding protein content. Both chick and 
beef embryo juice should be prepared at 50% 
concentrations. Dilute e.xtracts will tend to 
be saturated with Ca and P. If such extracts 
comprise a large portion of the final medium, 
it is impossible to dilute or modify their in 
organic constituents to appropriate leve s. 
When embryo juice is employed in concentra- 
tions greater than 5%, it is not necessarj or 
desirable to incorporate P in the salt so u 
tion used for diluting the medium. 

Since 10:1 ratios of serum and embryo 
juice seem to be optimal for good growth an 
quality of mammalian ceils, the e.xamples m 
the table are based on these ratios. t\itn 
formulae such as PLSnoEMn the 
Ca X P may be nearly 55, while the p - 
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17182. Stimulation of Gastric Secretion in Man by Theophylline Ethyl- 
enediamine. 

SifELDON KrASNOW AND M. I. GROSSMAK. 

From ihc Department of Clinical Science, University of Illinois, Chicago, 111. 


Roth and Ivy'-*’ reported that caffeine 
parenierally or intrngastricaliy, stimulates 
gastric secretion in cat and man. They noted 
no effect when caffeine was given alone in the 
dog. Robertson and Ivy^ observed that caf- 
feine and theophylline potentiate the effect 
of histamine on gastric secrcl'on in dogs, but 
did not stimulate when given alone. Wood'' 
noted that in some cats theophylline and 
theobromine afone stimulated gastric secre- 
tion. No reference to the effect of theophyl- 
line on gastric secretion in man could be 
found in the literature, and so the present 
study was undertaken. 

’Method, .-Xfier a 12 hour fast, a Levine 
tube was introduced into the stomach and the 

’ Itotli, .1, A., anil A. C., .Im, Phi/sioL, 
VM4, t-tl, 4r,4. 

- Lotli, ,1. anil Ivy, A. C., Gnstmcntcrnloav, 

If-11, 2, gri. 

"'lliOh. .1. A., .and Ivy, A. C., Am. J. PI,»y>oI., 

lOil. 112, 107. 

•' Itolicrtxyn, C,. .and Ivy. .\. C., Fed. Proc., UMO. 
H, l.l.t. 

W (Hal, 1>, IJ., Ptritish l/cd. ,7,, «, 2S.a. 


contents aspirated at 15 minute intervals. 
.\fter the fourth sample was withdrawn, 0.5 
g of theophylline ethylenediamine was ad- 
ministered slowly intravenously dissolved in 
10 cc of physiological saline, or through the 
stomach tube in 200 cc of water. The gastric 
contents were aspirated at 1 5 minute inlerr’als 
thereafter for 90 minutes except that with 
the orally administered drug the first period 
after introduction of the drug into the 
stomach was 20 minutes in length instead of 
15 minutes. For each sample the total milli- 
grams of free acid was determined. Ten sub- 
jects received the theophylline intravenously 
and ten received the theophylline through the 
stomach tube. 

Results and comment. The results obtained 
with intravenous administration are showm 
in Fig. I. with oral administration in Fig, 2, 
The maximum effect of theophylline is noted 
15 minutes after intravenous administration, 
whereas with the oral preparation the maxi- 
mum effect occurred 45 minutes after ad- 
ministration. 

These rcsidts indicate that theophylline is 
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Calcification of Cell Cultures 


in the region of the cell colonies and to be- 
come opaque elsewhere. Similar observations 
have been recorded by Earle.^ 

In the presence of human tissues the fresh- 
ness and potential phosphatase activity of the 
embryo juice influenced the type of calcifica- 
tion. If embryo juice was mixed with un- 
diluted serum during refrigeration, the pre- 
cipitation cycle and liberation of P v.'as in- 
hibited. The media subsequently prepared 
possessed excellent growth stimulating prop- 
erties and the cell colonies appeared to play 
a role in phosphatase activation, since cal- 
cification centered around the transplants and 
among the growing cells. If, on the other 
hand, media were prepared from incubated 
juices which had passed through the pre- 
cipitation cycle, the growth promoting prop- 
erties were greatly diminished and calcifica- 
tion occurred diffusely throughout the plasma 
as though resulting from ionic e.vchange and 
simple supersaturation. 

The present suggestions concerning the de- 
sirability of keeping the Ca x P products 
below 60 and the serum and embryo juice 
ratios at 10:1 serve only as an approximation 
of permissible thresholds under average cir- 
cumstances. The work of Robinson and co- 
workers® reveals the manner in which protein, 
glucose, magnesium and the serum from dif- 
ferent animal species influences the «/ vffro 
calcification of cartilage. From these and 
other data on the solubility of Ca and P in 
body fluids, it is apparent that the per- 
missible Ca X P will be related to the con- 
centration of serum protein in the medium. 

Several precautions should be borne in 
mind during the preparation of embryo juices 
and of serum. These include: (1) the use of 
10- or 11 -day chick embryos and exclusion of 
any which appear over-age; (2) the selection 
of beef embryos which do not exceed 4 inches 
in length; (3) the preparation and storage 
of extracts at 50% concentrations so that the 
final dilution will permit modification of the 
Ca and P to desired levels; (4) the main- 
tenance of the lowest practical temperatures 

14 Peters, J. P., and Eiserson, L., J . Siol. Chem., 
1929, 84, 155. 

10 McLean, P. C., and H.astings, A. B., J. BioJ. 
Chem., 1935, 108, .285. 


during extraction and centrifugation; (5) 
storage of the extracts in a frozen state. The 
loss of protein during pasteurization of 50% 
juices is excessive. If this procedure is em- 
ployed to inactivate phosphatases, the juice 
should be diluted with an equal volume of salt 
solution just prior to- heating. Hemolysis of 
red cells during serum production must be 
expected to elevate the P values' while filter 
pads which liberate magnesium, alkali, or 
other inorganic radicals should be avoided. 

IWien growth inhibition or plasma opacity 
are shoivn to be due to calcification (as evi- 
denced by darkening of the central trans- 
plants, by data on the Ca and P values of the 
medium, or by solubility of the opacity in 
N/10 HCl) the interim steps which should be 
taken are: (a) rapid transplantation with 
exclusion of the central portion of the colony 
or (fa) tr 3 'ptic digestion and removal of the 
opaque plasma if the colonies are to be re- 
tained in the original vessels. Re-evaluation 
and correction of the inorganic composition 
of the medium is necessary to prevent recur- 
rence of the difficulty. 

Summary and conclusions. 1. Chick em- 
bryo juice, in concentrations suitable for chick 
cell cultures, induces calcification of the cel! 
colonies and plasma in mammalian cell cul- 
tures. 

2. Fresh embryo pulp and extract are satu- 
rated with Ca and P. Ca^and particularly 
P increase with age of the embrj'os, their 
ratios being 1:2.4 at 11 daj'S. Upon incuba- 
tion the P increases an additional 30%. 

3. Pasteurization of embr 3 m extracts inac- 
tivates the phosphatases and prevents calci- 
fication in cell cultures receiving high con- 
centrations of embr 3'0 juice. 

4. Calcification of cultures in the presence 
of mammalian sera is due to combining the 
Ca of serum and salt solution with the high 
levels of P in embryo juice, to the further 
liberation of P during incubation, and to the 
limited Ca x P products held in solution b 3 ' 
mammalian sera. 

5. The calcifying propensity of chicken 
serum is much less than that of 3 mammalian 
sera, which ma 3 '' be arranged as follows. 

human <bo\'ine< rabbit. . 

Received May 18, 1949. P.S.B.B.M., 19^9, 71- 
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some years recognized that certain varieties of 
acetic acid bacteria, noiv known as Acctobac- 
tcr viscosuvi and Acclobactcr capsulalum, 
often are associated with the type of spoilage 
of beer known as “ropiness.” Recently 
ShimwelP*'” has sliown that the production 
of ropiness by these bacteria depends upon 
their capacity to form slime from dextrin, a 
natural constituent of beer. This author found 
that cultures of A. viscosum and of A. capsula- 
lum became grosslj’’ viscous in dextrin-rich 
beer or in a medium of j'cast e.xtract contain- 
ing 4 per cent dextrin, but not in beer devoid 
of dextrin or in yeast extract media in which 
the dextrin was omitted or replaced by glu- 
cose, fructose, maltose, or sucrose. It is of 
historical interest that Henneberg’^ fifty years 
previously had reported slime formation in 
dextrin-rich media (also often in beer) as a 
differential feature of the related Bacterium 
{Acctobacicr) htduslriiim. 

Little has been recorded of the nature of 
the slimy material produced by the acetic 
acid bacteria associated with ropy beer. Hamp- 
shire* isolated a mucilaginous material from 
beer made ropy by inoculation with Accto- 
bacicr R, a variety now said to be closely 
related to A. viscosum. This material was 
ash free, contained approximately 1% nitro- 
gen, and on acid hydrolysis yielded 89.5% 
reducing sugar, calculated as glucose. Polari- 
metric readings were stated not to agree with 
this figure, but nevertheless the author con- 
cluded that Uie material was “of the nature 

I iiakor, .1. L., Day, F. K., ami Ilulton, H. F. eT, 
.r. lust. Jlrru iiifi, 1012, 18, Gal. 

■ Il.ay, F, K., ami Bakvr, .1. H., Cent. {, 

All. 2, 1013, au, -133. 

H-anipsliiro. P., Bull. Bureau of Bio-Tcrhnol- 
oiiti, 1022, 1, ITP, lOP. 

0 .S'liitinvcll, .T. Ij., J. Tnst. Breu-iup, 1030, '12, 
5S3. 

in C^nirio, .1. 1)., J. Insl. Breu-inp, 10.30, 3-J2, 

II \\ .alkiT, T. K., ."inil Tnsic. .T., J. Ins!. Brcic- 
inn. lO-Sa, .M, 2.jr>. 

12 .ShimKvll, .1. L., , 1 . }nsl. Brcirina, 1017, .13, 
2S0. 

1- .Sliinnvpil, ,T. I,., U'ulirr.striii Bals. Commun., 

loss, n, 27 . 

1' UomuluTfj. \V., Vcnl. f. Balt., .tit. ", IS.OS 
•J. 033 (AU.tr.art), 


of a dextran”, i.c., a polyglucoside. In the 
case of the slimy materials knoum to have been 
produced from dextrin by .4. viscosum and 
A. capsulatum ive were unable to find any 
published information apart from the state- 
ment of ShimwelB- that these must be of car- 
bohydrate nature because of their origin. 

The present study was made with two 
strains of Acctobactcr, procured from the 
National Collection of Tigie Cultures, capable 
of producing a gelatinous tj'pe of growth in 
media containing dextrin: i.c., .4. viscosum 
7216, isolated from a ropy top fermentation 
of beer by Tosic, and A. capsulatum 4943, 
isolated from ropy beer by Shimwell.®-'- The 
capacity of these strains to produce material 
serologically like dextran was established by 
experiments made in comparison with a strain 
(B) of Lcuconostoc mcscutcroides originally 
used in the establishment of the serological re- 
activity of sucrose-derived dextrans.^ 

The utilization of dextrin as the substrate 
for the formation of serologically reactive 
material by the Acclobactcr cultures, in con- 
trast to the utilization of sucrose for the sjm- 
thesis of serologically similar material by the 
Lcuconostoc mcscutcroides can best be illus- 
trated by the following ex-periment. The Ace- 
tobacter and Lcuconostoc strains, after pre- 
liminary passage in glucose broth, were inocu- 
lated into a series of tubes of broth consisting 
of 0.5% Difeo yeast e.xtract plus 5% of one 
of a number of different carbohydrates, in- 
cluding dextrin and -sucrose. The dextrin was 
of bacteriological grade, that is, a starch-free, 
alcohol-precipitated product; the sucrose was 
a sample of beet sugar known to be free of 
the traces of material precipitating with dex- 
tran-reactive antiserums which occur in most 
lots of reagent and commercial sucrose;’'''^* 
all the other sugars were of reagent grade. 
After incubation at 25’C for one week, the 
cultures which had grown were centrifuged, 
and their neutralized supernatant fluids tested 
at several dilutions for capacity to give pre- 
cipitation with each of two different dextran- 

Neill, .T. M,, Itolir^E. J., Supp. J. V., nml 
.T.affo. E.. .1, T.jp. .tffj., 1039. 70. 427. 

icNfil!. ,T. M., .Sugg, J. y., Hohro, E. J., .'ind 
E.. .tm. .1, lUip., 1041, «115, C3. 
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stimulation of free HCl output bj- intravenous 
administration of theophylline ethylonediamine. 
Each dot represents the mean value of determina- 
tions on 10 subjeets. The vertical bars represent 
the standard errors of the respective means. 

similar to caffeine in its effect on gastric 
secretion in man. 

In the course of the study 3 patients re- 
ceived a tablet form of theophylline with 
variable response, and 4 patients received 
theobromine orally with no gastric stimulation. 
No decision can be made as to whether the 



Stimulation of free HCl output by oral adminis- 
tration of theophylline ethylenediamine. See 
legend of Fig. 1. 


stimulation produced by orally administered 
aminophylline is due to direct local action or 
to an action after absorption. 

Summary. Theophylline stimulates the 
secretion of acid gastric juice in man on oral 
or intravenous administration. 

Bcceivcd May 31, 1949. P.S.E.B.M., 1949, 71. 


17183. Bacterial Conversion of Dextrin into a Polysaccharide with the 
Serological Properties of Dextran. 


Edward J. Hehre and Doris M. Hamilton. 

From the Department of Bacteriology and Immunology, Cornell University Medical College, 

Neto Torli City. 


The purpose of the present paper is to 
report the capacity of certain acetic acid 
bacteria, and of cell-free solutions of enzymes 
obtained from them, to synthesize from dex- 
trin material with serological properties like 
those which we have earlier described for dex- 
tran.^ Hitherto, the only enzymatic pathway 
known for the synthesis of dextran was that 
from sucrose.-’® We know of no report of 
interconversion of material of the starch- 

iSugg, J. Y., and Hehre, E. J., J. Immunol., 
1942, 43, 119. 

2 Hehre, E. J.; and Sugg, J. Y., J". Med., 
1942, 75, 339. 

3 Hehre, E. J., J. Biol. Chcin., 1946, 1C3, --1. 


glycogen class and dextran, although both 
possess related chemical structures and can 
indeed be synthesized from the same substrate 
(sucrose) by appropriate bacterial enzyme 
systems.®'® Ultimate proof of the biological 
synthesis of dextran from dextrin must of 
course rest upon chemical studies, which are 
now in progress. However, the unequivoca 
nature of the present serological data leava 
little doubt that such a conversion does m 
fact occur. 

British brewing bacte riologists®~^* have for 

4 Hehre, E. J., and Hamilton, D. M., J..Bact., 

1948, 55, 197. ^ 

5 Hehre, E. .T., J. Biol. Ghent., 1949, 17', -97. 
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some years recognized that certain varieties of 
acetic acid bacteria, now known as Acetobac- 
icr viscosum and Acetobactcr capsulatum, 
often are associated wth the type of spoilage 
of beer knonm as “ropiness.” Recently 
ShimwelB-’’-’’ has shown that the production 
of ropiness by these bacteria depends upon 
their capacity to form slime from dextrin, a 
natural constituent of beer. This author found 
that cultures of A. viscosum and of A. capsula- 
tum became grossly viscous in dextrin-rich 
beer or in a medium of yeast extract contain- 
ing 4 per cent dextrin, but not in beer devoid 
of dextrin or in yeast extract media in which 
the dextrin was omitted or replaced by glu- 
cose, fructose, maltose, or sucrose. It is of 
historical interest that Henneberg^'* fifty years 
previously had reported slime formation in 
dextrin-rich media (also often in beer) as a 
differential feature of the related Bacterium 
( A cctobacter) ind ustrium . 

Little has been recorded of the nature of 
the slimy material produced by the acetic 
acid bacteria associated with ropy beer. Hamp- 
shire® isolated a mucilaginous material from 
beer made ropy by inoculation with Acclo- 
bactCT R, a variety now said to be closely 
related to A. viscosum}^ This material was 
ash free, contained approximately nitro- 
gen, and on acid hydrolysis yielded 89.5% 
reducing sugar, calculated as glucose. Polari- 
metric readings were stated not to agree with 
this figure, but nevertheless the author con- 
cluded that the material was “of the nature 

~<n{akoiir.T. L., b.ny, F. E., and Hulton, H. F, E., 
J. Inst. Itrcwinp, 1912. 18, GDI, 

' Eay, F. E., and Baker, J. E., Cent. /. BaVt., 
Aht. 2, 1913, 3(1, 433. 

s Hampsliirc, P., BuU. Bureau of Bio-Technol- 
op;i, 1922, 1, 179, 199. 

* .Sliimw'clI. ,T. E., J. Inst. Brewing, 1936, ‘12, 
DSD. 

If Comtic, .V. D., ,r. Jn.'il. Brririnfl, 1939, 45, 342. 

W.atker, T. K., and Tosic, .T., .7. Inst. Breir- 
inp. 194D. 51, 24D. 

w Shiimvidl, ,r. L., J. In.ct. Breicina, 1947, 53. 
2S0. 

'3 Sliimnell, .T. L., TTnlleri/fm IxiVs. Ceimmun., 
194S, 11. 27. 

” ireniielH'rK, W., Cent. f. Ball., Aht. 2, 1S9S 
4. 9.33 (.VlKtract). 


of a dextran”, i.c., a polyglucoside. In the 
case of the slimy materials known to have been 
produced from dextrin by A. viscosum and 
A. capsulalum we were unable to find any 
published information apart from the state- 
ment of ShimwelP- that these must be of car- 
bohydrate nature because of their origin. 

The present study was made n-ith two 
strains of Acciobacicr, procured from the 
National Collection of Type Cultures, capable 
of producing a gelatinous tj^pe of growth in 
media containing dextrin: i.c., A. viscosum 
7216, isolated from a ropj' top fermentation 
of beer by Tosic, and A. capstdaium 4943, 
isolated from ropy beer by Shimwell.®-^- The 
capacity of these strains to produce material 
serologically like dextran was established by 
experiments made in comparison with a strain 
(B) of Lcuconostoc ntescul oroides originally 
used in the establishment of the serological re- 
activity of sucrose-derived dextrans.^ 

The utilization of dextrin as the substrate 
for the formation of serologically reactive 
material by the Acclobactcr cultures, in con- 
trast to the utilization of sucrose for the sjm- 
thesis of serologically similar material by the 
Lcuconostoc mesentcroides can best be illus- 
trated by the following experiment. The Acc- 
t abaci or and Lcuconostoc strains, after pre- 
liminarj’ passage in glucose broth, were inocu- 
lated into a series of tubes of broth consisting 
of 0.5% Difeo yeast e.\'tract plus 5% of one 
of a number of different carbohydrates, in- 
cluding dextrin and -sucrose. The dextrin was 
of bacteriological grade, that is, a starch-free, 
alcohol-precipitated product; the sucrose was 
a sample of beet sugar known to be free of 
the traces of material precipitating with dex- 
tran-reactive antiserums which occur in most 
lots of reagent and commercial sucrose 
all the other sugars were of reagent grade. 
After incubation at 25°C for one week, the 
cultures which had growm were centrifuged, 
and their neutralized supernatant fluids tested 
at several dilutions for capacity to give pre- 
cipitation n-ith each of two different dextran- 

ir.Xcill, J. M., Ilohrc, E. J., Snpg, J. Y., nnd 
.Tatre. E,. J. Brp. Med., 1939, TO. 427. 

n'-Xeill. .E M.. Suep. ,E Y,, Itelire, E. J., .and 
.Taffi'. E., Am. .1. Jltifl., 1941, 3tE, CD. 
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TABLE I. 

Capacities to Precipitate Tcith Dextran-reaetive Antiserums Shown by tlie Culture Plaids of 
Acctobactcr and Leucgnostoc Grown with Different Carb ohydrates. 

Highest dilution of the fluids from cultures witli different 
carbohydrates that gave precipitation with type 2 and 
with type 20 pneumococcus antiserums* 


Strain 

Dextrin 

Maltose 

Sucrose 

Eaffinose 

Other sug.irsf 

Acetobacter viscosiim, 7216 

50,000 

lot 

0 

0 

0 

” capsulatum, 4943 

50,000 

Ot 

0 

0 

0 

Lenconostoc mesenteroides, B 

0 

0 

100,000 

20' 

0 


* 0 no precipitation with either antiserum in tests with 1:10 or 1:100 dilutions of the 
culture fluids. 

t Glucose, fructose, mannose, galactose, sorbose, xylose, arabinose, mannitol, inositol, tre- 
halose, o-methylglucoside, lactose, melibose, or inulin. 

t Pluids from cultures gromi with a different sample of commercial "C. F.” maltose gave 
reactiojis at dilutions as high as 1:400 with the dextran-reactive antiserums. 


reactive antiserums; these were a type 2 pneu- 
mococcus antiserum (1:50 dilution) and a 
type 20 pneumococcus antiserum (1:18 dilu- 
tion) known to give precipitation with purified 
Lenconostoc viesenteroides strain B dextran 
in dilutions as high as 1:4 miiiion. Mixtures 
of 0.2 ml of diluted culture fluid and 0.2 ml 
of diluted antiserum in clear 10 x 75 mm test 
tubes were incubated at 37°C for 1 hour and 
then observed for the development of cloudi- 
ness or precipitation. 

As show in Table I, large amounts of 
material reactive with the type 2 and the 
type 20 pneumococcus antiserums were present 
in the fluids of the A. viscosum and A. capstt- 
latum cultures grown with dextrin, while with 
one e.xception, none was detected in the fluids 
of the cultures grown with other carbohy- 
drates. Traces of reactive material were 
found in the fluids of the cultures with maltose, 
but we believe these can be accounted for by 
the presence of minute amounts of dextrin in 
the maltose. A large amount of material (dex- 
tran) reactive with the same antiserums was 
produced from sucrose by the Lenconostoc 
culture, and a trace also from rafflnose, but 
none was produced from the dextrin or from 
any of the other sugars tested. 

More complete information on the nature 
of the serologically reactive substance pro- 
duced by A. capsnlatum 4943 has been ob- 
tained by studies made with material isolated 
from a dextrin broth culture. Several liters 
of viscous culture fluid yielded an amount 
(approximately IS g) of serologically reactive 
polysaccharide which corresponded to more 


than 20% of the weight of the de.vtrin used 
in the medium. An account of the separation, 
purification, and chemical properties of the 
A. capsnlatum polysaccharide will be published 
in a subsequent report. Results of the sero- 
logical precipitation tests which we have 
made with this material in comparison with 
purified dextran isolated from a sucrose broth 
.culture of Lenconostoc mesenteroides are 
shown in Table II. 

Both the A. capsnlatum polysaccharide and 
the L. mesenteroides dextran gave visible pre- 
cipitation w'ith t}'pe 2 and type 20 pneumococ- 
cus antiserums in dilutions from 1:10,000 to 
1:4 million; both gave precipitation also with 
type 12 pneumococcus antiserum though only 
at much low'er dilutions; and both failed to 
react at 1 ; 10,000 or higher dilutions with any 
of the control serums, which included high- 
titered antipneumococcal serums of seyeral 
types, normal serums from rabbits which 
furnished type 2 and 20 serums, and an anti- 
serum capable of precipitating with high dilu- 
tions of the polyfrucfoside levan. The mutual 
cross-reactions wdth the tyqies 2, 20 and 
12 pneumococcus antiserums, given by the 
A. capsnlatum 4943 and L. mesenteroides B 
polysaccharides, and especially the compar- 
ably high degree of reactivity versus the 
types 2 and 20 in comparison to the lower 
degree of reactivity versus the type 12 are 
evidences of an extraordinarily close sero- 
logical likeness between these two materials. 
Additional evidence for the dose serological 
similarity, not presented in Table II, w^ 
that absorption of type 2 pneumococcus anti- 
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TABLE U. 

Serological Similarity of the Dextrin-derived Bolysaccliaride of Acctobactcr capsufatum to the 
Sucrose-derived Dextran of Lruconostoc mcxcntcroidcs. 




Highest dilution of antigen 



that gave precipitation* 



Acctobactcr 

Loiconostoc 


Dilution 

capxulaium 

mc.xenicroides 

Kind of scrum 

of serum 

polysaceliaridc 

dextr.an 

Antipncumococcus, tvpe 2 (Led) f 

1:50 

4,000,000 

4,000.000 

” ”2 (mbbit So) 

1:25 

2.000.000 

2,000,000 

” ” 20 ( ” 02) 

> J 

4,000,000 

4,000,000 

if Sf 22 

ft 

50,000 

• 10,000 

” ” 1, .3, 5, S, 14 (Led)t 

1:25, 1:50 

0 

0 

Xonnal, pre-immunization (rabbits So, 02) 

1:12, 1:25 

0 

0 

Levan-reactive, Sacilliis N9 

1:12 

0 

0 


* 0 == no precipitation with 1:10,000 or any higher dilution of the polysaccharide, 
i Hefmed, or concentrated, rabbit antiserums kindly supplied by Dr. H. D. Piersma, Lederle 
Laboratories, Pearl Eiver, N.T. 


serum Tiith either polysaccharide removed the 
antibodies reactive tnth both polysaccharides. 

The enzyme system in A. capsulalitm re- 
sponsible for the conversion of de.vtrin into 
material serologically like de.vtran is readily 
obtainable in solution, free from bacterial 
cells. Using the fluids from glucose broth cul- 
tures as starting material, rve have been able 
to prepare potent concentrates by a method 
previously described.^ When “bacteriological” 
dextrin, Lintner's soluble starch, or certain hy- 
drolysates made either from amylopectin or 
from crystalline amylase are incubated vrith 
such enzyme preparations, amylase-resistant 
polj’saccharide material that gives serological 
precipitation with dextran-reactive antiserums 
is formed. These results suggest that the action 
of the Acctobactcr enzyme is to transfer 1:4 
linked glucose units to new polysaccharide 
material in which the units are linked in some 


other fashion, very likely 1:6. Although 
proof of the exact mechanism of the reaction 
must await the results of systematic chemical 
study, recognition of the enzymatic converti- 
bility of amylaceous to non-amylaceous poly- 
saccharide by itself is of biological significance. 

Summary. Cultures of certain acetic acid 
bacteria from “ropy” beer, when grorni with 
de.xtrin but not when grown with other com- 
mon carbohydrates, produce abundant 
amounts of poh'saccharide material which has 
serological properties like those of the dextran 
which is produced from sucrose by Lcitconos- 
toc vicscntcroidcs. .A cell-free enzyme system, 
capable of causing the conversion of dextrin to 
material serologically like dextran, has been 
obtained from one of the cultures. 

Kecoivoil April 19, 1949. P.S.E.B.M., 1949, 71. 


17184. Anoxic Diversion of the 'Renal Cortical Blood Flow. 

K. J. Franklin, L. E. McGee, and E. Ullmann. (Introduced by J. F. Fulton.) 

from the Dcparivii-ni of rhysioloffp, St. Bnrthotomar’s IIo.ipUol Zlcdicoi CoUcpc. 

During 1947-S Trueta, Franklin, and probable that the renal cortical blood flow is 
Amoroso hid plans for the joint solution of diverted whenever more important, or tempor- 
y.anous renal problems, and the research to arily more important, organs are rendered too 
lie dc-senbed, though in fact of more fortui- anoxic. Experiments were, therefore, begun 
tous origin, is to be reprded as part of with a view to testing this hypothesh’ and in 
that cooperative effort. Briefly, it was thought those to be described the whole body was 
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subjected to anoxia in the expectation that 
some parts would be more sensitive than the 
renal cortex, and that in consequence the lat- 
ter would be, reflexly or otherwise, deprived 
of some or all of its blood supply, the portion 
of the total circulating blood volume so di- 
verted being added to the quotas allotted to 
more needy organs. At the time the work 
of Toth^ was not knovm to the witers; it •will 
be referred to below in the discussion of re- 
sults. 

Methods. The animals mainly used were 
rabbits, anaesthetized b}"- intravenous injec- 
tion of Nembutal solution, followed by ad- 
ministration of open ether as required; in 
earlier work Trueta et al.‘ found that anaes- 
thesia, maintained by such means for several 
hours, produced no appreciable change in the 
renal blood flow. To e.xclude specific peculi- 
arities, some tests were also made on the cat, 
dog, rat, and mouse. 

Anoxia was produced (1) bj’’ occlusion of 
a straight glass cannula tied into the trachea, 
and (2) by administration of a lethal dose of 
carbon monoxide (mixture of air and coal 
gas). < 

The renal effects were observed either ■with 
both kidneys made visible by laparotomy, or 
with one or both kidneys exteriorized. The 
left kidney was exteriorized by bringing it 
out between the lumbar and abdominal mus- 
culatures, the right as seemed best according 
to the individual circumstances. To determine 
if the renal effects were nervously intermedi- 
ated, the left kidney was denervated (usually 
by division of the nerve or nerves accompany- 
ing the renal arterjq but on occasion by 
splanchnic section), and the right kidney was 
left intact. When desired, the state of the 
renal blood distribution was precisely ascer- 
tained by injecting warmed India ink in a 
proximal direction through a cannula tied into 

1 Toth, L. A., Am. J. Physiol, 1940, 129, 532. 

eTruet.i, J., Barclay, A. E., Daniel, P. M., 
Franklin, K. J., and Prieliard, M. M. D., Studies 
of the renal circulation, 1947 ; Franklin, K. J., 
Anoxic diversion of the renal cortical blood flow. 
Part I, 1948; Dllmann, E., McGee, L. E., and 
Franklin, K. J., Anoxic diversion of the renal 
cortical blood flow, Part H, 1949. Oxford: Black- 
well Scientific Publications, Ltd. 


the distal aorta, the mesenteric artery having 
first been ligated. The injection was made 
at a pressure just above that in the aorta, and 
ligatures previously passed round the renal 
vessels were tied while the injection tvas at 
its height. Thereafter, both kidneys were 
exsected and placed in fi.xative for a day or 
so before being cut open and prepared for 
subsequent histological section. 

In a few cases a 16 mm color film record 
was made of the ano.xia production and' its 
results. Details of the published films are 
given after the references at the end of this 
paper. 

Results. Occlusion of the tracheal cannula 
did not usually cause an immediate cessation 
of respiratory efforts; indeed, these might, 
for a time at least, increase in rate and/or 
intensity. Within 20 to 60 seconds, as a 
rule, the occlusion produced first a darkening, 
then patchy paling, and finally generalized 
paling (sometimes spectacular in its degree) 
of the kidnc}’- surface, together with diminu- 
tion in size of the organ and ■wrinkling, often 
very marked, of its capsule. The diminution 
in volume, if one can judge from cubing 
linear measurements, was of the order oi one- 
sixth; an oncometer was not used as it would 
have introduced complicating factors. Sections 
of innervated. kidneys removed at the height 
of the anoxia effects sho;,\'ed anaemia of the 
cortical portions; in the denervated kidneys 
there was no such diversion of cortical blood 
flow, though it was possible to produce it in 
such organs by intravascular injection of 
adrenaline. In some of the former cases 
there was more blood than normal in the 
medulla; in others less. When re-entry of 
air into the lungs ■n'as allowed to occur, blood 
rapidljr returned to the kidney surface, at first 
discretely, but almost immediately thereafter 
all over. In their rapidity, therefore, the 
renal changes after anoxia were more dramatic 
than those produced during its dev’elopment. 

In contrast to the restoration of color was 
the disappearance of the surface wrinkling, 
■which often took a minute or two for its com- 
pletion. The whole tracheal occlusion e.x- 
periment could be repeated at very short 
intervals and, at least in the case of the e.x- 
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leriorized Viidncys, over a total period of 
several hours. Administration of carbon 
monoxide, in the dosage employed, produced 
erjually marked diversion of blood from the 
cortex Init the chanj'c was irrcversiiile. Two 
final notes may lie added to the above account. 
In the first place, partial denervation of one 
kidney, which was effected in a few cases, 
divided the single oriian into a part which 
rc.spondcd to anoxia and a part which did 
not; this was a convenience for some pur- 
pose.s. Secondly, if the stomach was over-full 
or the uterus seriou.sly enlarged as a result 
of pregnancy, the kidneys tended to be found 
partially “shunted,” if one may u.se the 
American e.xpression for diversion of the 
cortical blood supply, from the outset. 

Discussion. Toth’s' anoxia e.xperimcnts 
were carried out in dogs, and paling of the 
surface of the dog’s kidney during diversion of 
the cortical blood flow is not readily detected 
beaiusc (1) the capsule is relatively thick, 
and ( 2 ) the cortical color changes are ma.sked 
by superficial vc.s.'cls which arc unconcerned, 
or little concerned, in the diversion. Further, 
the findings of Trueia cl al., which .showed the 
significance of such cortical diversion as op- 
po.seii to an overall rcxiuclion in renal arterial 
inflow, were not begun until 1945. In a 
future paper tsvo of the prc.sent writers 
(L.F.M, H.U.) will give quantitative details 
alxiul the degrees of anoxia and of hypercapnia 
which are required for the production of the 
lenal circulatory changes, and vdll ilcscrihe 
the fluctuations of arterial blood pre.ssiire re- 


corded during these changes, together with 
other features of interest. They may also 
give evidence about the urine flow as affc-cted 
by^ anoxia, and offer a possible e.xplanation for 
the time-lag between the return of color to 
the kidney surface and the disappearance of 
the wrinkling from that surface. In this pre- 
liminary account, however, the main object 
is to dc.scribe the more obvious features and 
to point out that the simultaneous u.se of 
innervated and denervaled kidneys, with the 
completeness of the denervation .shown by a 
tracheal occlusion test, allows one rapidly to 
determine if a poison, such :ls dioxan (see De 
Xavasquez,^) or a bacterial toxin, affects the 
kidneys through nervous intermediation or 
otherwise. Publication of this present paper 
is, therefore, a necessary prelude not only to 
the communication of further finding about 
anoxia effects, etc., but also to the de.scription 
of the rasulLs of experiments with a number 
of nephrotoxic substances. 

Summary. 1. .Acute anoxia, sufficient in de- 
gree, produces a marked diversion of the renal 
cortical blood flow in the innervated, but not 
in the denervated, kidney, ' 

2, .Simultaneous study of the reactions of 
the inncrvatcfl and denervated kidney.s is a 
simple way of distinguishing the mechanisms 
of action of different nephrotoxic .sub.stinces, 

1)|- K:iv;).‘^fli)ir/., fj., . 1 . ItniO, It", .'tO; 

NaviorjiK-/., S., .1. PnDi. Hurt., V.K'.H, -1(1, 47. 

.tiiiv in, I'll'i. r.H.K.IJ.M., VJl't, 71, 


17185, niTcct of Iilevatcd Body 1 cmperaliires on Cryptococcosis in Alice, 
L. R. Kuhn, f Introduced by G. M. Dack.) 

I’rrm thr Vrjmrtm-Ht of Jlarteriolofiy, .Sriny MoUrn} JlPporimrnt JUfrnrrh inul OrnAuntc 

f)chool, V.C, 


In a study’ of the effect.s of temperature on 
tin* reproduction and viability of Cryptococcus 
upojormous, the number of viable cells de- 
cre.i-ed by RS'/r within 5 rlay.s at 103’ F 

< ICuiii., I,. I!., I'l'oc. 9<>r. Kvi*. AT.m Mrr>., 

b'.T', -It, 


t.39.4’C), but increased rc-gularly at 99’r 
(37.3‘C). The writer postulated that dif- 
ferences in litnly temperatures of lalxiraforv 
mice and rabbit.s might account for differences 
in susceptibility to cryptococcosis. Mice, with 
rectal temperatures averaging 99. IT’, died 
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TABLE I. 

Survival of Mice Injecfcd with C. ncofonnans and Maintained Either at 35 to SG^C or 

24 to 27 “C. 


Dosage of C. 
neoformans 

Method of inj, 
and No. injected 

Time after 
injection 

No. 

r 

24-27°C 

survii-ing in mice maintained at 
temperatures indicated 

SS-BG^C after being kept 
35-86°C at 24-27°C for time indicated 






2 days 

2 to 2.5 

Intravenous 

0 br 

15 

15 

15 ' 

milUon in 

15 in each 

4S ” 

15 

11 

15 

0.5 ml of 

temp, group 

11 d.ays 

0 

11 

10 

saline 


20 ” 

0 

10 

6 



30 •' 

0 

G 

3 






’ 8 days 

Same 

Intraperitoneal 

Ohr 

18 

18 

is' 


18 in each 

44 days 

0 

12 

9 


temp, group 

GO ” 

0 

7 

4 






2 days 

120 to 150 

Intracerebral 

Ohr 

25 

25 

25 

thousand in 

25 in eacli 

24 

25 

21 

25 

0.03 ml of 

temp, group 

10 days 

4 

15 

20 

saline 


20 ” 

0 

8 

6 



30 ’> 

0 

6 

0 


regularly and relatively rapidly of experi- 
mental infections, while rabbits, with a mean 
temperature of 103.1S°F, were affected only 
rarely and slowly. 

To determine if'niice could be maintained 
with elevated body temperatures long enough 
to study their reaction to cryptococcosis, 
groups of Swiss mice were kept at various tem- 
peratures above 30°C. In still air at 35 to 37‘’C 
with 25 to 35% relative humidity, rectal 
temperatures rose rapidly and remained above 
102°F.* Although a few mice died during 
an initial day or two of discomfort for all, 
the majority survived and were in apparent 
good health at the end of a month, although 
averaging only 1.3 g gain in weight compared 
with 7.1 g in room temperature controls. At 
this time, the rectal temperatures of 2 separate 
lots of heat-adapted mice averaged 102,8 and 
103. 4°F, tanging from 101 to 10S°F. 

Infections with a pathogenic strain! of C. 
neofotvicns were compared in Swiss mice 
weighing 17 to 19 g and kept either at 24 to 
27°C or at 35 to 36°C. Groups maintained 

* Itectal temperatures were t.iken witli narrow 
bulb thermometers made by Easclicr amt Bctzold, 

Inc., Chicago, M. , , , 

t Army Medical School strain D-2, isolated from 

a human case at autopsy- 


at each temperature level were injected intra- 
venously, intraperitoneaJly or intracerebrally 
with 60-hour Sabouraud agar cultures of C. 
mofonitaus suspended in 0.85% sodium 
chloride. Doses for each group as well as 
the effect of environmental temperatures on 
survival are shown in Table I. hlice in all 
groups kept at 35 to 36°C outlived all those 
maintained at 24 to ZT’C. Thus, although all 
of IS intravenousljr injected mice kept at 
room temperature died of cryptococcosis with- 
in II days after being infected, only 4 of 15 
died during the same period in the higher tem- 
perature group. Since these 4 died within 
48 hours after injecting and incubating, their 
deaths cannot be attributed to the slowly 
developing cryptococcus infection. No other 
heat-adapted mice died until 19 days after in- 
jection. Six survived 30 daj^s without ap- 
parent effects. 

Although intraperitoneal infections de- 
veloped more slowij^, only 6 of 18 mice kept 
at 35 to 36°C died during the 44 days follow- 
ing injection. All of the control mice died 
during the period. In 3 of the 6 heat-adapted 
mice which died, no cryptococci were found by 
smear or culture. Seven were still living in 
apparent health 60 days after being 

Intracerebrally injected mice showed less 
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striking differences between the temperature 
groups. Some kept at 35 to 36°C outlived 
all the room temperature controls, however. 

With each of the series described above, an 
equal number of mice was similarly injected 
but kept at 24 to 27°C for 2 or 8 days prior 
to being moved to the higher temperature. 
Mice in each of these sets lived longer than 
those kept only at room temperature, but 
fewer suiA'ived than in the groups placed at 
35 to 36°C immediately after injecting (Table 
1 ). 

Fatal infections in many of the heat-adap- 
ted mice may have accompanied body temper- 
atures under the average of 103°F, where 
crj^ptococci remain viable or even increase hi 
vitro. .Mso, the temperature of the incubator 
fell to 33 and 32°C during two overnight 
periods, and all rectal temperatures taken in 
the morning were at or below 100. 5°F. Rectal 
temperatures of incubated mice showing signs 
of infection usually were below 100.5°F and 
decreased as tlie animals became moribund. 

In the light of the previous in vitro studies,^ 
the results given above suggest that a direct 
effect of temperature on the growth and via- 
bility of C. ticoformaiis should be considered 
in e.\plaining the degree of natural resistance 
shown by rabbits. 

Inhibition of virus infections in small 
animals kept at high environmental tempera- 
tures has been obser\-ed, according to Francis." 
Coplin and Mills’ found that white mice which 
had been adapted to moist heat were more 
susceptible to Streptococcus hcmolyticus than 
were mice kept at lower temperatures. 

Temperatures of 103°F and above may be 
inimical to the growth and viability of other 

- t'niiK'is, Thomas. .Ir., In Bacterial .anil My- 
cotic Infections of Man. Eilited liy Dutios, R. ,T., 
IhtS, ]i. ns, .T. B. I.ippincott Co. 

^Coplin. .1. W.. and Mills, C. A., .Science, 103f), 

no. 27.'). 


fungi causing systemic mycoses. Textbooks 
of medical mycology direct that cultures be 
incubated at both room temperature and at 
37° for !Monilia, Coccidioides, Histoplasma, 
Sporotrichum, and Blastomyces as well as for 
C. neojormaus. The writer found^ that the 
optimum for rapid growth of C. ncojormans 
was approximately 29°C and some workers in 
this field noiv consider 28 to 30°C to be 
optimal for all the pathogenic fungi listed 
above. It would not be surprising, therefore, 
if more of these organisms fail to maintain 
themselves at elevated bodj" temperatures. 

It is interesting to consider the possible use 
of fever therapy, alone or combined with 
chemotherapy, in treating human cryptococ- 
cosis (torulosis). Specific therapy appears to 
be questionable or even lacking entirely 
and human cases usually show little or no 
elevation of body temperature. Cox and 
Tolhurst*’ discuss the possibilities of hj'per- 
thermia in the light of the earlier in vitro 
studies of the WTiter. 

Summary. 1. ^lany mice infected with a 
pathogenic strain of Cryptococcus ncojormans 
and maintained, with elevated body tempera- 
tures, at 35 to 36°C, lived longer than all in- 
fected mice kept at 24 to 27°C. 

2. These and previous in vitro studies sug- 
gest that a direct effect of temperature should 
be considered in explaining the degree of 
natural resistance of rabbits to crjptococcosis. 

3. Elevated body temperatures might be 
useful in assisting treatment of human crjpto- 
coccosis. 

Cox, Lconanl B., .anil Tnlliiir.st, .Tc.an C., 
Human Torulosis, iniO, pp. 79, 129, Molbournc 
ITiiiversity Press. 

•'•Conant. Norman F., In Bacterial anil Mjootic 
Infection.s of Man. Eiliteil b.v Dulios, R. .1., 19-lS, 
p. (100, J. B. Lippineott Co. 

Rci-civcd .Tunc 13. 19-19. P.S.E.B.M., 1919, 71. 
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17186. A Virus Isolated from Patients Diagnosed as Non-Paralytic Polio- 
myelitis or Aseptic Meningitis.* 

Joseph L. Melnick, Ernest W. SHA\v,t and Edward C. Curnen. ' 
From the Section of Preventive Medicine and Department of Pediatrics, Fate University School 

of Medicine, Mew JUaven, Conn. 


It is the purpose of this report to describe 
the isolation of a filtrable agent from patients 
with an illness resembling non-paralytic polio- 
myelitis which occurred during 1948 in 
southern New England. The virus was sought 
following the report by Dalldorf and Sickles,^ 
and is apparently similar to that which they 
obtained from the feces of 2 patients diagnosed 
as paralytic poliomyelitis. Like their agent, 
the virus infected newborn albino mice and 
produced in them weakness and paralysis ac- 
companied by diffuse myositis. 

The following aspects of work with this 
virus will be described: 

(1) recovery of the virus from the feces of 
patients and its neutralization by their sera; 

(2) description of the experimental disease 
and some properties of the virus; 

(3) inapparent infection of chimpanzees; 

(4) accidental infection of man; 

(5) occurrence of the virus in “poliomyelitis” 
patients in Ohio and North Carolina as well 
as in New England; 

(6) occurrence of the virus in e.xtra-human 
sources (sewage and flies) ; 

(7) immunological tj'pes of the virus. 

(1) Isolation oj virus from patients diag- 
nosed as having non-paralytic poliomyelitis or 
aseptic meningitis. During the summer and 
fall of 1948 samples of feces were collected 
from 16 representative patients from Connec- 
ticut and Rhode Island, 13 of whom presented 
clinical features consistent with non-paralytic 
poliomyelitis (Table I), and 3 of whom had 
definite muscle weakness and were diagnosed 
as paralytic poliomyelitis. The fecal samples 
from these 1 6 patients were tested in monkeys 

♦ Aided Uy a N'ational Founda- 

tion for Infantile Paralysis, Inc. 

t National Kesearcli Council Fellow in Medical 

Sciences. 

1 Dalldorf, 6,, and Sickles, G. M., Science, 194S, 
lOS, 01. 


for poliomyelitis virus and were also e.xamined 
for the agent infectious for newborn mice. 

Fecal samples from S (Nos. 1-5) of the 13 
patients with non-parali'tic illnesses produced 
disease in newborn mice, but not in monkeys. 
From one to 4 rhesus monkeys (Macaca init- 
latta) were used to test each of these samples 
for poliomyelitis virus with negative results. 
Furthermore the strains recovered in newborn 
mice were tested in 8 additional monkey's and 
again the results were negative. The new 
virus was also found in the feces of 2 patients 
(No. 18-19) diagnosed as “fever of unknown 
origin”. Lumbar puncture was done in only 
one of the latter patients and there was no 
pleocytosis. 

The new virus has not been recovered by 
blind passage of brains of normal newborn 
mice, nor from separate fecal samples of 29 
patients in New Haven with various other 
infectious and non-infectious diseases. 

Fecal samples from two of the patients with 
non-paralytic disease (Nos. 11-12) yielded 
poliomyelitis idrus w'hen inoculated into 
monkeys, but did not produce disease in new- 
born mice. The 2 strains of poliomyelitis virus 
were typical; they were pathogenic for 
monkeys but not for cotton rats or mice (3 
week old as well as newborn). Samples of 
feces from the 3 patients with clinical paraly- 
tic poliomyelitis (Nos. 13-15) failed to yield 
an agent when tested in either monkeys or 
newborn mice. 

Tests for neutralization of the new virus 
with acute and convalescent sera of the pa- 
tients revealed that; — (i) the sera of 7 
patients (Nos. 1-5, 18,19) from whom the 
new agent was isolated, neutralized the virus 
(neutralization index from 1,000 to 10,000) 
in the convalescent stage and to a lesser degree 
in the acute stage; (ii) the convalescent sera 
from 5 other patients (Nos. 6-10) with non- 
paralytic illnesses also neutralized the virus; 
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f'liarles V. Cliaiiin ilnspilal, frovidemn', It.f., Pr. F. AV. llurhn, .Tamc.s AV. McCook Memorial Tlospital, Hartford, C'onnectiont; .and Pr. Hichard Sliay, 
Knpleivnod Uo.spital, Hridpeport, Conneetient. 
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Fig. 1. 

Tivo litter mates, t)ic mouse on the left with paralysis of botli legs and right arm (wrist- 
drop), tjio one on the right without signs of disease. Virus was inoculated intracerehrally and 
intraperitoueally on the 3rd day of life. Illness was first noted 6 days later when the photo- 
graphs wore taken. 



Fig. 2. 

limb of 8-day-oId mouse, sacrificed on the first day of 
inoculated by the intracerebral and intraabdominal routes 
The photomicrogrph was taken at 155 X magnification. 


Myositis in paralyzed 
paralysis. This animal was 
within 2i hours after birth. 

(iii) the convalescent sera of the 3 patients 
diagnosed as paralytic poliomyelitis and the 
serum of the 2 non-paralytic patients from 


whom poliomyelitis virus was isolated, all 
failed to neutralize the virus. The results of 
complement fixation tests with sera from these 
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patients indicated that mumps virus rvas not 
the etiological agent of their illnesses. . 

(2) Description of the experimental disease 
and some properties of the vinis. Swiss mice 
generallj' betiveen the 1st and 2nd day of 
life have been used. Infectivity titers have 
ranged from to ICh® with suspensions of 
brain and slightly higher with suspensions of 
muscle. The mice have been inoculated intra- 
cerebrally and/or intraperitonealh'. Signs of 
disease have appeared within 2 to 10 daj*s/ 
manifested by weakness and paralysis of one 
or more e.\tremities (Fig. 1) and followed by 
death generally within 24 hours. In verj' 
young mice marked ataxia ma\" be the only 
sign before death. The outstanding patho- 
logical finding has been an extensive myositis 
in the skeletal muscles especiall}' of the limbs 
(Fig. 2). In some mice lesions have been 
noted in the heart muscle and in the brain. 

• .-Aerobic and anaerobic cultures of suspen- 
sions of tissues used for passage have shown no 
bacterial growth on ordinarj’’ media. The 
agent as it occurs in human feces and in 
mouse brain used for passage, has been passed 
through a tested, Coming, bacterial, glass- 
fritted filler. The agent is resistant to the 
action of ether, penicillin, streptomycin and 
Chloromycetin. It has failc-d to produce dis- 
ease in 3 week old mice, cotton rats, snowball 
rats, albino rats, hamsters as well as in j’oung 
adult monker'S. 

Studies on the distribution of the virus in 
newborn mice indicate that it is widespread at 
the time of paralysis; it has been recovered 
from the blood, brain, muscles, heart, liver, 
.spleen and also from the intestinal contents. 
That the agent recovered from this latter 
source was not Theiler's TO vims was indi- 
cated b\' its lack of pathogenicity for 3 week 
old mice. 

Preliminary data on sedimentation suggest 
that the agent is one of the smaller vimses. 
Thus, .although some of tlie virus maj' be 
llwowTi down together with the particles which 
^diment at IS.OOO r.p.m. for 30 minutes (fi 
inch rotor), mo.st of the virus remains in the 
supernatant fluid. It may be sedimented 
readily at 36,000 r.p.m. for 60 minutes. 

Xeutr.alization tests have been carried out 


in newborn mice by the intraperitoneal route. 
It was found that the virus is readilj' neutral- 
ized b\' homologous antiserum prepared bt’ 
repeated inoculation of mice or monkeys. It 
is not neutralized b}' antiserum from animals 
h 3 perimmunized against the following \-imses; 
poliomj-elitis (Lansing strain, North Carolina 
194S strain, Te.xas 1948 strain), Theilers FA 
and GDVII strains of mouse encephalomy- 
elitis virus, mumps, herpes, lymphocj'tic 
choriomeningitis, encephalomj'ocarditis, loup- 
ing ill, Venezuelan equine encephalitis, and 
Newcastle disease. 

(3) Infection of chimpanzees. -As men- 
tioned above, rhesus monket's do not appear 
to be susceptible to infection with this virus 
when inoculated intracerebrally, intraperi- 
tonealh', intramuscularly, intracutaneoush- or 
subcutaneoush’. Two chimpanzees were each 
given one oral administration of the virus. No 
clinical signs of illness developed. However, 
virus was recovered from their feces for 12 
dav’s after the feeding and from their throats 
on the 5th, 6th and Sth daj's. Neutralizing 
antibodies, absent before e.xposure to virus, 
were present on the I4th and 2Sth days. 

(4) Accidental infection of man. One, of 
the physicians engaged in work with this agent 
developed a vague febrile illness of S dav'S 
duration which was diagnosed as “fever of 
unknown origin.” The onN suggestion of 
involvement of the central nervous sv'stem 
was minimal stiffness of the back: a spinal 
tap was not done. \hTus was recovered from 
the feces and nasophar 3 TigeaI washings during 
the acute illness. Neutralizing antibodies 
were not found in serum collected before or 
during the early acute phase of illness, but 
appeared in increasing titer during convales- 
cence. The neutralization index on the 43rd 
dav' after onset of illness was 10,000. 

(5) Occurrence of the virus in “poliomyeli- 
tis” patients in Ohio, 19 A? and Xorth Caro- 
lina, 194S. Samples of feces collected from 
different parts of the countrv" and frozen since 
collection were also examined for the virus. 
It was not found in pooled specimens collected 
during 1944 from patients with parah-tic 
polionn-elitis in New York City, nor from 
similar specimens collected from patients in 
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Los Angeles, California in 1948. These 
pooled samples were proven by . monkey in- 
oculation to contain poliomyelitis virus. The 
new virus, as well as poliomyelitis virus, was 
isolated from pooled fecal samples of 6 pa- 
tients who had non-paralytic poliomyelitis in 

1947 in Akron, Ohio. Both viruses were also 
present in pooled fecal samples collected in 

1948 from patients with paralytic poliomyeli- 
tis in Winston-Salem, N. C. An ultracentri- 
fuged concentrate of the Winston-Salem 
specimens had titers of KL® for poliomyelitis 
virus in monke 3 's and of IQ-®-® for the new 
virus in newborn mice. 

(6) Occurrence of the virus in extra-human 
sources. The virus has been sought in samples 
of the sewage from 6 cities, 3 situated in 
.Connecticut (Hartford, Norwalk, New Hav- 
en) and 3 in North Carolina (Greensboro, 
High Point, and Winston-Salem) , and in non- 
biting flies trapped in 2 of these cities. In 
the summer of 1948 “mild poliomyelitis” ap- 
peared to be prevalent in Connecticut, and a 
severe epidemic of classical poliomyelitis oc- 
curred in North Carolina. As already men- 
tioned, the new virus was isolated from pa- 
tients in both areas. 

The new virus was found in the sewage of 
all of the above 6 cities during some part of 
the summer and fall of 1948 and usually 
several serial samples from each city were 
positive. Serial sampling during the -winter 
has for the most part been negative but the 
data are too few to indicate whether the 
occurrence of the virus in sewage follows the 
seasonal pattern of poliomyelitis virus.^-^ 

Tests of flies from the above areas for the 
presence of the new virus have not yet been 
completed, but thus far 2 isolations have been 
obtained, one from flies trapped in August, 
1948 in Hartford, Connecticut and another 
from flies trapped in July, 1948 in High Point, 

N. C. In addition to studjdng this material 
from Connecticut and North Carolina, flies 
from Texas were also examined. These were 
trapped serially in 1948 during an epidemic 
of poliomyelitis in the lower Rio Grande 

2 Trask, .T. D., and Paul, J. B., J. Exp. Med., 
^^^Meln’ick, J. Iv., Am. J. Sygicne, 1947, 45, 240. 


Valley.t From some batches of flies, sepa- 
rated according to species, both the new virus 
and poliomyelitis virus have been isolated. 
Other batches of flies have j'ielded either one 
virus or the other, and many batches have 
yielded neither virus. The species of flies 
which have given positive tests for both 
viruses are (a) Musca domestica, (b) Phae- 
nicia sericata and P.. pallescens, and (c) 5(zr- 
cophagula and Sarcophaga spp. The two 
viruses (poliom 3 mlitis and the new virus 
isolated in mice) even when obtained from the 
same batch of flies do not appear to be re- 
lated by the tests we have thus far used (host 
range, virus neutralization by h 3 'perimmune 
sera.) 

(7) Immunological types. By means of 
cross neutralization tests, it has been found 
that two strains of the murine infecting virus 
isolated from patients in New Haven are re- 
lated to each other as well as to a strain 
isolated from Hartford sewage. Furthermore 
a strain from Texas flies was found to be re- 
lated to a North Carolina sewage strain, but 
not to the Connecticut strains. Thus each 
strain was readily neutralized by homologous 
hyperimmune sera, but antisera against Con- 
necticut strains failed to neutralize the Texas 
virus, and, in similar fashion, Texas antisera 
had no effect on the Connecticut virus. 

Summary. This paper reports the isolation 
of a filtrable virus from the feces of patients 
diagnosed either as non-paralytic poliomyeli- 
tis or aseptic meningitis and from 2 patients 
with “fever of unknoTO origin.” The agent 
is similar to that reported by Dalldorf and 
Sickles^^ in producing paralysis -nfth mo 3 'sitis 
in newborn mice. The recovery of virus was 
correlated with the appearance of neutraliz- 
ing antibodies in the patients’ sera. At least 
two immunological types of the virus exist. 
The virus wrns widespread in this country 
during the summer of 1948 having also been 
isolated from the sewage of a number of 

t The flies in Te.x.is -ivere caught .and identified 
by Dr. Richard P. Dow, Entomologist, .and Stafif, 
attached to the Dysentery Control Project, U. S. 
Public Health Service. They were collected as a 
part of field studies on epidemic poliomyelitis 
being cnrried out by tliis unit. 
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cities and from flies collected in . mdely 
separated areas. Subclinical infection may 
be produced in chimpanzees by oral adminis- 


tration of the virus. A laboratory worker 
has been accidently infected with the virus. 

Received June 13, 1049. P.S.E.B.M.. 1949, 71. 


17187. Effect of Phenergan (N-DimethyIamino-2-Propyl-l-Thiodiphenyla- 
mine, 3277 RP) on the Arthus Reaction in Rabbits. 

Baruj Bexacerraf axd Edward E. Fischel.* (Introduced by R. F. Loeb.) 
From the Departments of Kcurology and Medicine, Colnmhia Universil? College of Physicians 
and Surgeons, the Kcurological Institute, and the Edtcard Daniels Faulhaer Arthritis Clinic, 
Presbyterian Hospital, Xeir Fort' City. 


The so-called antihistaminic compounds 
have been of great value in that they have 
made possible the study of various biological 
phenomena, principally those related to hista- 
mine reactions, and the treatment of hista- 
mine-like allergies. .As }'et, none of the anti- 
histaminics have been found to be effective 
in modif 3 nng the necrotizing tjTe of allergic 
reactions. The lack of effect of pyribenzamine 
on the .Arthus phenomenon and bacterial al- 
lergic reactions has been reported.^ The 
present study is presented because an unusual- 
ly potent antihistaminic, possessing, in addi- 
tion, properties apparently unrelated to its 
antagonism to histamine, has been found ef- 
fective in inhibiting the .Arthus reaction. 

The Fourneau compounds-’’-^ and antergan- 
were modified to produce phenergan, N-di- 
methylamino - 2 propyl - 1-thiodiphenyla- 
mine, (3277 RP) which was extensively' 
studied by Halpern.'''*’-' In addition to being 

* Work (lone during the tenure of a Life Insur- 
ance ^t^Hlie;^! Rcsearcii i'eilowsUiji. 

.\id(Ml in part hy a gr.ant from the Masonic 
I'oundntiiin for Medical Rese.arch and Huni.in 
Welfare. 

t Fischel, E. E., I’r.oc. iroc. E.xp. Bioc. 

Mni.. 1947, «(I, .■(.IT. 

c Ilalperu. B. X., Comp. r. Soc. dc DM,. 1940, 
1 - 10 , . 101 . 

•' Fourmau. E., and Bovet, D., .irch. Intern. 
Phitrmarn!. ft Thfr.. 19,17,, 4«. 17S. 

tStnuh, A. M.. .4r.n. Inst. Pasteur, 1939. 03. 
4'"', 4?.". 

llalpern, B, X„ .-trcli. Intern. Pharmacol, et 
Ther.. 1947, 74. 114. 

'•'llalpctn, B. X.. J. Allergy, 1947, 18, 203. 


30 times more effective than antergan in pro- 
tecting guinea pigs against histamine, phener- 
gan apparently protects capillaries against 
injury' by various noxious stimuli.®"** The 
drug was kindly given for this study by Dr. 
B. N. Halpern. .A quantitative technic for 
the induction of the .Arthus reaction with 
known quantities of a single antigen and its 
homologous antibody has been described.*-*® 
This method was employed in the present 
study. 

Experimental. .Arthus reactions were simul- 
taneously induced in untreated control rab- 
bits and in those treated with varying amounts 
of phenergan (25 to ICX) mgAg). In Pre- 
liminary experiments, the .Arthus reaction was 
induced in multiple sites in 9 albino rabbits 
by the local injection of antibody and of anti- 
gen as previously described.* It was found 
that 75 mg kilo of phenergan in saline intra- 
muscularly prevented the development of a 
severe .Arthus reaction. The technic for pro- 
ducing the .Arthus reaction was then modified 
by the administration of the antigen intraven- 

7 Ilalpcrii. B. X.. .Ida .tlleroologiea, 194S, 1, 3. 
s Il.ilpcru. B. X., .Till! Cruchatid, S.. Comp. r. 
Soc. dr DM.. 1947. 141, 103S. 

1* Halpi-rii. B. X„ Il.imliurccr, F.. .•lud Cruchnucl, 
S., Acta .lllergnlogira, 1944, 1, 97. 

1" Italpi-ni. B. X'„ .-(hJ Cniclmuil, S.. Comp. r. 
Arad, des Si'trtirr.K. 1947. Uti."!. 1194, 

11 Ilamliurpcr. J., n.tlpcrn, B. X.. .itui Xccl, Z.. 
Comp. r. .<tnc. dr DM.. 194S. 142, IS, 7. 

le H.-ilpt'm, B. X., p('r.-''m:il coriumniic.'ition. 

1" Fiselid, E. E., and Knba', E. .4.. J, Irimirtw!.. 
1947, .T.-;. 337. 
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TABLE r. 

Effect of Plienergan on Severity of the Hevcrse Arthus Eeaetion Induced Passively in Animals 
Injected Intravenously with 1.5 to 2,0 mg of Crystalline Egg Albumin Nitrogen, and 30 llinutes 
Later Injected Intradernially with Known Amounts of Anti-Egg Albumin. 

Humber of reactions of different severitj' related to total reactions in each group. 


Severity of 
the reaction 

Phenergan 
100 mg/kg 

Phenerg.in 
75 nig/Jfg 

Phenergan 
50 mg/kg 

Plienergan 

25 mg/kg 

Control 

animals 

0 

0 

0.22 mg 

0 

AbH. 

0 

0 

0 

-t- 

0 

2/26 

0 

0 

0 

+ 

1/20 

20/26 

3/20 

0 

4/38 


18/20 

4/26 

13/20 

4/4 

. 5/38 

-i-+ + 

0 

0 

4/20 

0 

3/38 

d — b-H- 

1/20 

0 

0 

0 

26/38 

0 

1/4 

0.025 mg 
2/18 

AbN. 

0 

0 

0 


3/4 

8/18 

4/4 

, 2/4 

5/14 

4" 

0 

8/18 

0 

2/4 

8/14 

++ 

0 

0 

0 

0 

1/14 


ously and the subsequent injection of anti- 
body intracutaneously.^^ This procedure was 
found to result in a more rapidly developing 
and more hemorrhagic reaction than did the 
local administration of both antigen and anti- 
body. The antigen was administered intra- 
venously to 45 rabbits in amounts of 1.3 to 
2.0 ing egg albumin nitrogen (EaN); 30 
minutes later the antibody was injected intra- 
cutaneously in amounts of 0.22 and 0.02S mg 
antibody nitrogen (AbN). Untreated con- 
trols were injected simultaneously with phen- 
ergan treated animals. The treated group of 
animals received 2 doses of phenergan in 
amounts of 25, SO, 75 or 100 mg/kg intra- 
muscularly. The first dose was given at the 
time the antigen was administered ; and the 
second dose, 4 hours later. One of 6 animals 
given 100 mgAg phenergan had convulsions 
after the second dose and died. The other 
animals showed some drowsiness, muscular 
incoordination and occasional muscular 
twitchings with the dosages of 75 or 100 
mg/kg but recovered completely in a few 
hours. The skin reactions were observed at 
6 and 24 hours. In this series of rabbits the 
most acutely severe reactions appeared at 6 
hours after the injections of the antibody. The 
reactions were graded as follows: 

0 = no reaction; + = petechial hemor- 
rhages of an area less than I cm in diameter 
with minimal edema; = iess than 1 cm 

of confluent intracutaneous hemorrhage or 1 
cm of petechial hemorrhage with edema over 


a somewhat larger area (2 cm) ; -1 — j— }- = 1 
cm of confluent hemorrhage or 2 cm of pe- 
techial hemorrhage ndth moderate edema; 
H — I — I — f* — cm or more of confluent 
hemorrhage, with moderate to severe edema. 
The results are presented in Table I, 

In Table I, it is apparent that phenergan 
has a definite inhibitory effect on the severity 
of the reaction at the higher concentrations 
of antibody (0.22 mg AbN). men only 
0.025 mg AbN was employed, there did not 
appear to be any significant difference between 
the control animals and those receiving phen- 


ergan. It is much more difficult to compare 
minimally severe reactions employing Uie 
criteria used in this study. In consideration 
of the sedative and anesthetic side effects of 


energan, two animals were given respec- 
'ciy procaine and pentobarbital intramuscu- 
ly and were given both antigen and anti- 
dy locally. The severity of the reactions 
these animals, although not tabulated, was 
nilar to that of untreated control animals. 

Table I, with the maximum amount of 
tibody (0.22 mg AbN), 29 out of 38 re- 
tions, or 75%, in the control group were 
ided -j — I — f- or more. In the treated group, 
I3' 5 of 70 reactions, or 7%, were similarly 
rded. Since the dose of phenergan admm- 
ered here is far greater than the dose of 
ribenzamine used in the previous study 
0 mgAg)>^ it seemed relevant to determine 
lether piTibenzamine given in compara e 
lounts would affect the Arthus reaction. 
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Two rabbits were given 25 mg/kg and 75 
mg/kg respectrraly of p 3 Tiben 2 arame intra- 
muscularh- in a single dose and died shortly 
thereafter with severe convulsions. To investi- 
gate further the activity of phenergan, the 
effect of the drug was studied on the skin re- 
action of the rabbit to the streptococcal 
erythrogenic toxin. Two control animals ob- 
served 24 hours after the injection of 2 skin 
sites with 550 skin test doses of toxin showed 
areas of edema and erythema 1.5 cm in 
diameter. Milder edema and erythema re- 
sulted after the injection of 55 skin test doses 
into two other sites. In contrast, 2 other 
animals treated with 75 mgAg of phenergan 
every 4 hours for 3 doses showed no reaction 
to either the 55 or the 550 skin test doses of 
erythrogenic toxin. The observation that 
phenergan inhibits the effect of the erj'thro- 
genic toxin is consistent with the view that 
the drug appears to protect the capillary- 
bed from injury. 

Discussion. The severity of the .'\rthus 
reaction can be related to the amount of pre- 
cipitin available for union with antigen local- 
]y_i3.i4 'pjjg primary site of the injury due 
to the antigen-antibody reaction is probably 
the small blood vessels and capillaries.*^ Cer- 
tain observations indicate that the action of 
phenergan is on these small blood vessels. Hal- 
pern and his associates have shown that the 
drug, in doses of 20 mg/kg, can protect rab- 
bits against pulmonary edema induced by the 
injection of such unrelated agents as epin- 
ephrine and chloropicrin, a war gas.‘“"’ Fur- 
thermore. Hamburger rt al.^^ have studied the 
effect of phenergan on experimental ortho- 
static albuminuria and hematuria in rabbits, 

” Opic, E. E.. Immunol, 19-24, !). 231. 

Atwtl. It. G., and .'-i-lK-iik, U. I’.. J. Immunol, 
193S, at, 195, 


and found that the animals were completely- 
protected by doses of 20 mgAg- The in- 
hibition of the Shwartzman reaction in rabbits 
has been noted recently-.^- These observa- 
tions suggest that the effect of the drug on 
the Arthus reaction may- well be a consequence 
of its ability' to decrease capillary- damage 
in the presence of nonspecific irritants. As 
such, the mechanism of action would be on 
the vascular bed and have little relation to 
the occurrence of an antigen-antibody reac- 
tion. 

The dosages of phenergan employed in this 
study- (25 to 100 mg/kg of body- weight! were 
not lethal for the rabbit e.xcept for the highest 
dose, 100 mg/kg, which caused death in 1 of 
6 rabbits. These doses are far greater than 
the amounts used therapeutically- in humans, 
and, indeed, are the highest reported in 
animals. Halpern and Hamburger used 20 
mg/kg effectively against e.xperiniental pul- 
monary edema and orthostatic albuminuria. 
The dose of phenergan which is effective as 
an antihistaminic is still smaller. 

Summary. The effect of phenergan on the 
.\rthus reaction v-as investigated, employ-ing 
a quantitative method for the induction of 
the reaction. In large but non-lethal doses, 
the drug was found to inhibit appreciably the 
development of the more severe Arthus reac-' 
tions. It is suggested that the action of the 
drug on the -Arthus reaction is related to its 
effect on capillary- permeability. A limited 
study of the inhibition by- phenergan of the 
toxic effect of a large quantity of streptococcal 
erythrogenic toxin appears to support this 
view. 

Wo wish to th.nik Dr. Elviii Katoit for liis 
encouragoinciit .oml Iiolpful criticism. 

RcooiveU May 11, 1949. I'.S.E.B.M.V 1949, tT. 
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TABLE I. 

Effect of Phenergan on Severity of the Beverse Artlius Ecaction Induced Passively in Animals 
Injected Intravenously with 1.5 to 2.0 mg of Crystalline Egg Albumin Nitrogen, and 30 Minutes 
Later Injected Intradcrmally with Known Amounts of Anti-Egg Albumin. 

Number of reactions of different severity related to total reactions in each group. 


Severity of 
tlie reaction 

Phenergan 
100 tng/kg 

Plicnerg.an 
75 nig/kg 

Pliencrgan 

50 mg/kg 

Plienerg.in 

25 mg/kg 

Control 

animals 

0 

0 

0.22 mg 

0 

AbN. 

0 

0 

0 

■+* 

0 

2/2G 

0 

0 

0 

■f 

1/20 

20/26 

3/20 

0 

4/38 

+ -f- 

18/20 

4/26 

13/20 

4/4 

. 5/38 

++ + 

0 

0 

4/20 

0 

3/38 

+ + 

1/20 

0 

0 

0 . 

26/38 

0 

1/4 

0.025 mg 
2/18 

AbN. 

0 

0 

0 

d: 

3/4 

8/18 

4/4 

. 2/4 

5/14 

"4* 

0 

8/18 

0 

2/4 

8/14 

+4- 

0 

0 

0 

0 

1/14 


oiisly and the subsequent injection of anti- 
bodjr intracutaneously.'^ This procedure was 
found to result in a more rapidly developing 
and more hemorrhagic reaction than did the 
local administration of both antigen and anti- 
body. The antigen was administered intra- 
venously to 45 rabbits in amounts of 1.5 to 
2.0 mg egg albumin nitrogen (EaN); 30 
minutes later the antibody was injected intra- 
cutaneously in amounts of 0.22 and 0.025 mg 
antibody nitrogen (AbN). Untreated con- 
trols were injected simultaneously ivith phen- 
ergan treated animals. The treated group of 
animals received 2 doses of phenergan in 
amounts of 25, 50, 75 or 100 mgAg intra- 
muscularly. The first dose was given at the 
time the antigen was administered; and the 
second dose, 4 hours later. One of 6 animals 
given 100 mgAg phenergan had convulsions 
after the second dose and died. The other 
animals showed some drowsiness, muscular 
incoordination and occasional muscular 
twitchings with the dosages of 75 or 100 
mgAg but recovered completely in a few 
hours. The skin reactions were observed at 
6 and 24 hours. In this series of rabbits the 
most acutely severe reactions appeared at 6 
hours after the injections of the antibody. The 
reactions were graded as follows; 

0 = no reaction; -f- = petechial hemor- 
rhages of nn area less than 1 cm in diameter 
noth minimal edema ; -}— f- = less than 1 cm 
of confluent intracutaneous hemorrhage or 1 
cm of petechial hemorrhage with edema over 


a somewhat larger area (2 cm) ; -(—}'+ = I 
cm of confluent hemorrhage or 2 cm of pe- 
techial hemorrhage with moderate edema; 
H — ! — i — P = I-S cm or more of confluent 
hemorrhage, with moderate to severe edema. 
The results are presented in Table I. 

In Table I, it is apparent that phenergan 
has a definite inhibitory effect on the severity 
of the reaction at the higher concentrations 
of antibody (0.22 mg AbN). lAen only 
0.025 mg AbN w'as employed, there did not 
appear to be any significant difference between 
the control animals and those receiving phen- 
ergan. It is much more difficult to compare 
minimally severe reactions employing the 
criteria used in Ais study. In consideration 
of Ae sedative and anesthetic side effects of . 
phenergan, two animals were given respec- 
tively procaine and pentobarbital intramuscu- 
larly and were given both antigen and anti- 
body locally. The severity of the reactions 
in Aese animals, although not tabulated, was 
similar to Aat of untreated control animals. 
In Table I, wiA the maximum amount of 
antibody (0.22 mg AbN), 29 out of 38 re- 
actions, or 75%, in the control group were 
graded -f -{-+ or more. In the treated group, 
only S of 70 reactions, or 7%, were similarly 
graded. Since the dose of phenergan admin- 
istered here is far greater Aan the dose of 
pyribenzamine used in the previous study 
(10 mgAg),^ it seemed relevant to determine 
whether pvTibenzamine given in comparable 
amounts ^^uld affect the Arthus reaction. 
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TABLE I. 

Effect of Isuprcl upon Level of Blood Glucose at the End of 2 Hours in Eviscerate Rats Given 
Glucose and Insulin by Constant Injection, 





Avg 


Biff. 


Diff. 


Cone. 

No. 

blood 


ill 


— 

Exp. 

isuprel 

rats 

glucose 

Avg* 

avg 

Diff.* 

diff.* 

1 

1:25,000 

12 

Ifil 

7.9 





0 

12 

84 

0.9 

77 

10.5 

7.3 

0 

1:10,000 

12 

1S5 

9.1 





0 

12 

84 

5.2 

101 

10.5 

9.6 


• Standard deviation. 


of isuprel in concentrations of 1:10,000 and glucose tolerance of the eviscerate rats. 
1:25,000 caused a marked decrease in the Roedved iwo, 


17189. Effect of Testosterone Propionate on Phosphatases in the Seminal 
Vesicle and Prostate of the Rat.* 

Robert 0. Stafford,* Irving N. Rubinstein, and Roland K. Mever. 

From ihc Department of Zoology, Univcrtiity of Jruceoiisin, Madison, TTis. 


The discovery by Kutscher and Wolbergs^ 
that the human prostate gland and ejaculum 
contain high concentrations . of acid phos- 
phatase provided the stimulus for a series of 
investigations of this enzyme in the tissues 
and secretions of the male reproductive tract. 

Gutman and Gutman- showed that the high 
level of acid phosphatase (.AcP-ase) as well as 
alkaline phosphatase (Alp-ase) in the pros- 
talic tissue of the adult rhesus monkey is 
not present in the prepubertal animal, but 
that these enzj-mes can be raised to the adult 
level by the injection of androgen. 

Pazos and Huggins-'’ found that adminis- 
tration of androgen to starving, castrate im- 

* Supported in part by tlic Research Coiuniiftce 
of the Graduate School from fuiid.s supplied by the 
Wificoiisin .\luinni Roso.arch Foundation and, in 
part, by the National Institute of Health, F, S, 
I’lililie Health Service. 

t Nntinn.al Cancer Institute Prcdoctor.ate Re- 
scarcii Felhnv, Nation.al Institute of Health. 

1 Ktitscher. AV.. and AVolberRS. H.. Z. ptiysi.it. 
Ch m.. "tm. enr. 

-'Gutman, A. B.. and Gutman, E. B., Pr.oc. Soc. 

Bioi,. .vNt> Mni., 1P3P, .|i, 277. 

a I’aros, 1{., and UrtpRins, C., Fndocrir.oloou, 

HM.S, :$«, 410. 


mature dogs caused an S to ll-fold increase 
in .AcP-ase activity of the prostate gland over 
that of a control animal. The .Alp-ase in the 
glands of these dogs decreased 15-45%. 

When Gutman and Gutman-* studied the 
rat, however, they found that the levels of 
both -AeP-ase and .AlP-ase in the prostate 
gland were e.\tremely low compared to levels 
in the primates studied. .Administration of 
testosterone to normal adult male rats pro- 
duced no change in the activity of either 
enz3'me. 

•Atkinson*’ has shown histochemically that 
the .AlP-ase in the stromal elements of the 
mouse seminal vesicle diminishes after castra- 
tion and returns to normal after androgen 
treatment. Dempsey. Greep, and Deane® 
recently demonstrated the same phenomenon 
in the rat, also b\' histochemical means. 

It was decided to conduct investigations to 
(1) determine whether an enzj-matic re- 
sponse to testosterone could be obtained in the 

Gulnmn, A. B.. nml Gw.man. E. B„ Bkoc. SOC. 
Exe. Bioi,. .\np Mkii.. IS'SS. ;tn, .-ieo, 

.\tkin«(>n, AV. B.. .fnnf. I.’cc.. lOIS. 100, 7.31, 

•■Dempsey, K. AV., Greep, R. O.. ami ' Ec.-inc. 
H. AA'., Endiifrifirihigy, 11>4P, 44 , SS. 
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17188. Effect of Isuprel Xilpon Tolerance bf-the-Eviscerate Rat-{m'Glncos^ ~'~ 

Dwight J. Ingle and James E. Nezamis. 

From the Research Zaboraiories, The Upjohn Company, Kalamaeoo, Mich. 


Epinephrine^ and posterior pituitary ex- 
tracts- have similar effects upon the tolerance 
of the eviscerate rat for glucose. When a 
solution of glucose without insulin is ad- 
ministered to the eviscerate rat, the addition 
of epinephrine or posterior pituitary e.\-tract 
to the solution has little or no effect upon the 
level of blood glucose during the first 2 
hours but over a period of 24 hours there is 
an increase in glucose tolerance. When in- 
sulin is given with glucose, the addition of 
either epinephrine or posterior pituitary e.x- 
tract caused a rapid decrease in glucose 
tolerance. 

It was proposed to e.xtend these studies by 
testing a derivative of epinephrine having a 
depressor action upon blood pressure. In the 
present study, isuprel (isopropylepinephrine) 


jugular vein blood was analyzed for glucose 
by the method of Miller and Van Slyke.-* 

Experiments and results. In Experiment 1, 
isuprel was administered to one rat of each 
of 12 pairs by adding it to the infusion fluid 
in a concentration of 1:25,000. In Exp. 2, 
isuprel was administered to one rat of each of 
12 pairs by adding it to the infusion fluid in 
the concentration of 1:10,000. As shoivn in 
Table I, the addition of isuprel caused a strik- 
ing decrease in glucose tolerance in both e.x- 
periments. 

Discussion. The effects of isuprel upon 
blood pressure were not studied under these 
e.vperimental conditions. Although this com- 
pound has been described^ as having a vaso- 
depressor action in experimental animals, it 
would be unsafe to assume that its vasomotor 


was found to behave as epinephrine and the 
pressor principle of the posterior pituitary in 
causing a striking decrease in the glucose 
tolerance of the eviscerate rat given glucose 
and insulin. 

Methods. The two-stage procedure of 
'evisceration has been described.^ "When male 
rats of the Sprague-Dawley strain reached 
250 ± 2 g, they were anesthetized (cyclopal) 
and subjected to the second stage of eviscera- 
tion. Intravenous infusions of solutions con- 
taining glucose (C.P. Dextrose, Merck) and 


effects are dissimilar from those of epinephrine 
and posterior pituitary extracts in the evis- 
cerate rat. It was noted that isuprel caused 
the skin to become pink, suggesting peripheral 
vasodilatation, in contrast to the pallor caused 
by the peripheral vasoconstriction which oc- 
curs during the administration of epinephrine 
or of posterior pituitary extract under identi- 
cal conditions. The mechanism whereby these 
drugs affect glucose tolerance in the eviscerate 
rat is not known but the possibility that it is 
secondary to circulatory changes must be 


insulin (Regular Insulin, Lilly) were made 
by a continuous injection machine which de- 
livered fluid into the saphenous vein of the 
right hind leg at the rate of 20 cc per 24 
hours for each of 6 rats simultaneously. The 
glucose load was 64 mg per 100 g of rat per 
hour and the insulin dose was 4 units per 24 
hours per rat. The temperature was constant 
at 26.5 ± 0.S°C. At the end of 2 hours, 

1 Ingle, C. J., .-incl Nezamis, J. E., Am. J. 
Physiol., 1949, 156. 

Single, D. J., and Nezamis, J. E., Am. J. 
Fhpsiol., 1949, 150. 

3 Ingle, D. J,, Zap. Med. and Surg., 1949, 7, 34. 


considered. 

Summary. Eviscerate rats (250 g) were 
given continuous intravenous infusions of 
glucose and insulin during a period of 2 hours. 
The glucose load was 64 mg of glucose per 
100 g of rat per hour and insulin was given at 
the rate of 4 units per rat per 24 hours. The 
solution of glucose and insulin was infused at 
the rate of 20 cc per 24 hours. The addition 


i Miller, B. F., and Van Slyke, D. V., Z. Piol 
em.f 1936, 114, 583. 

iPands, A. M., Nash, V. L., Dertinger, B. 
anger, H. B., -and McCarthy. H. M., /• Pharm. 
3 Exp. Therap., 1948, 92, 309. 
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Chnnscs in pliosjihatnso activity produfccl by castration and treatment with testosterone 
propionate. AlP ase activity is represented by total height of the bars. AeP-ase activity is 
represented by the black portions of tlic bars. 
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In the castrate animals receiving testos- 
terone propionate, the androgen largely pre- 
vents the castration changes in weight and 
enzyme activity. The .\lP-ase is maintained 
at almost exactly the same level in the andro- 
gen-treated animals as in the normals, while 
the .*\cP-ase activity is fully restored to the 
normal level by the eighth day of treatment. 
These data are presented in Table I and Fig. 
1. The results clearly show that deprivation 
of androgen results in a loss of activity of both 
phosphatases in the seminal vesicle and that 
replacement therapy with testosterone pro- 
pionate restores the activit}'. 

Prostate Gland. The enzj'me pattern in the 
prostate b similar to that obtained in the 
seminal vesicle with one major difference. 
While the ca.stration effects arc manifested in 
the seminal vesicle by the fourth day after 
ca.=tration. in the prostate the effects are not 
clearly shown until the eiehth day. There is 
greater variability in the prostate values, 
probably cau.«ed by the variation in amount 
of .Mjcrelion present in the tissues, as the 
technic for remov.a! of the secretion mav not 


be completely effective. 

By the fourth day after castration, 2 out 
of 3 animals did not show significant losses 
of weight in the ventral lobe of the prostate, 
while the AcP-ase and AlP-ase actually in- 
creased in activity by 20 and 25^ respec- 
tively. By the eighth day. however, the 
weight of the gland was about one-third of 
the normal weight and the AcP-ase and AlP- 
ase activities were reduced b\' one-half and 
one-third respectively. 

When testosterone propionate was adminis- 
tered to the castrate animals, the .■\IP-ase of 
the gland was restored to normal and the AcP- 
ase activity vv^is partially restorc-d. The dose of 
testosterone propionate used was sufficient to 
cause great prostatic hypertrophy by the 
eighth day. These data are presented in 
Table II and in Fig. 1 . 

Histochemiotl treatment (Gomori-') of 
the prostate to demonstrate localization of 
the AlP-.'ise revealed a po.ssible reason wh\- 

Gfimnri. G.. PRoe. Sex’. K.Xf. Bmi.. .vsn 
.|2 23 . 
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Prostate ano Seminal Vesicle Phosphatases 


TABLE I. 

Changes iii Seminal Vesicle Eollowing Castration and Treatment ■'vitli Testosterone Propionate. 


Experimental 

stage 

No. of 
rats* 

Wtof 
one seminal 
vesicle (mg) 

AcF-asef 

AlP-ase f 

Dry wt 
(%) 

Normal 

4 

160 (150-1C7) 

17 (io-is) 

. 34 (22-46) 

20 

Castrate 4 days 

3 

120 (112-130) 

13 (11-15) 

25 (20-29) 

IS 

” 8 ” 

3 

80 (77-86) 

12 (11-14) 

17 (13-20) 

22 

Testosterone 4 days 

3 

375 (227-522) 

14 (12-17) 

33 (31-34) 

20 

” S ” 

3 

275 (273-279), 

18 (14-22) 

33 (28-37) 

21 


* Pertains to enzj-mo rnlncs only. Gland weights and dry weights taken from two rats in 
each group. 

t E.vprcsscd as Huggins-Talalay units per 100 uig dry tissue. Figures in parentheses in- 
dicate ranges. 


rat prostate similar to that obtained in the 
monkey and in the dog, (2) to provide quan- 
titative support for the histochemical findings 
on the AlP-ase of the seminal vesicle, and (3) 
to provide information on the hitherto unin- 
vestigated AcP-ase in the seminal vesicle. An 
experiment was designed, therefore, to study 
both AcP-ase and AlP-ase in homogenates of 
prostates and seminal vesicles of normal rats, 
castrate rats and in castrate rats receiving 
testosterone propionate. 

Methods. The animals used were male rats 
of the Sprague-Dawley strain, to3 months 
old. The rats were divided into 3 groups: 
(1) Normal animals, untreated; (2) Cas- 
trates, untreated; (3) Castrates injected sub- 
cutaneously with 600 y testosterone propio- 
nate per day in 2 daily doses. Animals of 
groups (2) and (3) w'ere killed 4 and 8 daj-s 
following castration. 

At autopsy the ventral lobe of the pros- 
tate w'as removed and weighed. The tissue 
w'as laid on moist, hard-surfaced filter paper 
and minced with a scalpel blade to rupture 
the majority of the gland lobules and permit 
escape of the contained secretion. The chop- 
ped tissue ivas washed in cold glass-distilled 
ivater, blotted on filter paper, w^eighed, and 
transferred to a chilled glass homogenizing 
tube. One seminal vesicle was removed and 
separated from the adherent coagulating 
gland; the secretion was expressed, and the 
gland W'as w'ashed W'ith cold saline solution, 
blotted, and transferred to an homogenizing 
tube. 

Tissues w'ere homogenized in glass distilled 
water, one per cent homogenates being used 
throughout the study. Solids and water con- 


tent of the tissues w'ere determined by dri'ing 
pieces of tissue or homogenates at 7S°C for 24 
hours. 

The Huggins-Talalay method' of phos- 
phatase estimation, modified as previously 
reported,® W'as used on all tissues. This method 
measures phenolphthalein liberated from 
phenolphthalein phosphate. Both AcP-ase and 
AlP-ase were determined on tissues from at 
least three animals in all stages studied. The 
sequence in which the experiments w’ere made 
was randomized in order to distribute any 
variation caused by minor differences in 
technic and condition of the animals due to 
seasonal factors. 

Results. Seminal Vesicle. After castration 
the seminal vesicle rapidly loses weight, under- 
going a 25^/o reduction in 4 days and reaching 
a level SOfo below the pre-castration level 
by 8 days. The AlP-ase activity is reduced 
30% in the first 4 days after castration, 
reaching a level 50% below the normal 
by the eighth day. The proportionality be- 
tw’een w’eight loss of the gland and loss of 
enzyme activity is striking. Enz}'me activity 
is expressed in terms of activity per unit 
weight of dry tissue, however, and the reduc- 
tion in activity is real, not merely a reflection 
of the reduction in size of the gland. 

The AcP-ase follow’s a trend slightly dif- 
ferent from the gland weight and (he AiP-ase, ^ 
being reduced in activity by 25% ' 

days of castration, then undergoing very little 
further reduction through the eighth day . ^ 


1945, 159. 399. 

S Stafford, B. 0., McSli.-in, AV. H., 
E. K., Endocrinotoov, I91L 41, ia- 
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tially normal levels by androgen therapy. The 
seminal vesicle is more sensitive than the pros- 
tate gland in this respect. 

Androgen therapy caused hj^iertrophy of 
the glands beyond normal size, but under the 


conditions of these experiments, the acid and 
alkaline phosphatase activity was not in- 
creased beyond normal levels. 

Keceivcd June 1, 1949. P.S.E.B.M., 1949, 71. 


17190. Investigations on the Use of Eserine for the Differentiation of Mam- 
malian Esterases.* 


Daxtd K. hlYERS AND Bruno hlENDEE. (Introduced by Charles H. Best.) 

From the Banting and Best Department of iledieal licsearch, Vnivcrsitp of Toronto. Toronto, 

Canada. 


In most mammalian tissues there exist 3 
types of esterase* capable of facilitating the 
hydrolysis of noncholine aliphatic esters, i.c., 
ali-esterase," pseudo-cholinesterase* (s-type)® 
and true cholinesterase* (e-type).® Most 
esters of aliphatic acids can be hydrolysed by 
ehzymes from two of these 3 groups, certain 
non-choline esters {c.g., triacetin) seem to be 
hydrolysed by enzjnnes of all 3 types'*"® and, 
further, esterases of all 3 types are present in 
most crude tissue preparations. To distin- 
guish between that portion of the hydrolysis 
of aliphatic esters which is due to the cholin- 
esterases and that portion which is due to 
the ali-esterases in tissue preparations, Eas- 
son and Stedman’ employed low concentra- 
tions of eserine or prostigmine to inhibit se- 
lectively any activity due to the cholines- 
terases (ChE’s). Later investigators, c.g., 
Richter and Croft,® Mendel and co-workers,* 
and others, also found low concentrations of 

* Supported liy u pniiit from tltc Ntitioiial Ite- 
seurcli Council of Cannda. 

1 Mendel, B,, and Itudncy, II., Btochem. J., 1943, 
UT, 59. 

2 Eiclitor, IX, and Croft, I’. G., Btoehetn. J., 
1942, no, 749. 

•''Zeller, K. A., and Bissepger, -A., Ilrir. chim. 
nrtii. 1943, 2(1, 1G19. 

1 liodansty, O., .Inn. .Y. y. Acad. 194C, 

•47. r.2i. 

r. Itawkiu!-. it., rii.ri. Thesi,<!. Toronto, 1947. 

<1 Adams IX H.. and Wliitt.aker. V. V.. Bio- 
rto'in. J., 194S. -Itt, xiv. 

rilavM.n. E. H., and .Stedman,' E., Biochem. J., 
1937, at. I7LM. 


eserine to be a very satisfactory tool for dif- 
ferentiating cholinesterase and ali-esterase ac- 
tivity. Thus it has been found that a con- 
centration of 1CH*M eserine inhibits com- 
pletely, or almost completely, the activities of 
both the true and the pseudo-ChE’s of most 
mammalian tissues while the activity of the 
ali-esterases remains relatively unaffected by 
as much as 100 times this concentration. 

Recently, however, hIcNaughton and Zel- 
ler® have concluded from their observations 
that “the use of eserine to decide whether a 
h\'drol 3 'sis is catalj-sed bj' a cholinesterase or 
another esterase is of limited value because the 
s-t\T>e (pseudo-cholinesterase) is inhibited by 
this substance only in the presence of aceti’l- 
choline but not in that of ethj’l chloroacetate.” 
The evidence obtained in the present investi- 
gation has indicated, however, that eserine in 
low concentrations (10"®M) can, in fact, be 
used to inhibit completely the activity of 
pseudo-ChE toward ethyl chloroacetate 
(ECi.-V) and that differentiation of cholinester- 
ase activitj' from ali-esterase actinty is there- 
fore still possible by this means. Moreover, 
even though this concentration of eserine ma\' 
not be adequate to effect complete inhibition 
of the ChE’s from certain non-mammalian 
organisms,® in no case tested has the sensi- 
tivity of any cholinesterase to eserine been 
found to be altered significantly when one 

MuXuiiglitim. IJ. .\.. !ijul Zvllor, E. iT.oc. 
Soc. Exe. llio!,. AND Mkd.. 1949. 70. IG.',. 

H.-iwkin*. 1!. H.. atul Mi'iulil, IX. J. CfH. Como. 
I'hys-iot., 394G. 27, G9. 
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Prostate and Seminal Vesicle Phosphatases 


TABLE H. 


Changes in Prostate Gland Following Castration and Treatmejifc with Testosterone Propionate. 


Experimental 

stage 

No. of 
rats* 

Wto£ 
ventral 
prostate (mg) 

AoP-aset 

AlP-asef 

Dry irt 
(%) 

Normal 

7 

327 (303-366) 

20 (14-28) 

48 (30-64) 

16 

Castrate 4 days 

G 

2GG (168-318) 

24 (18-33) 

59 (53-64) 

15 

’ ’ 8 days 

6 

103 (75-140) 

11 (7-13) 

32 (25-48) 

22 

Testosterone 4 days 

6 

434 (376-487) 

IS (17-21) 

51 (38-76) 

16 

” 8 " 

6 

. 728 (608-881) 

17 (12-23) 

50 (42-62) 

17 ■ 


* Pertains to enzyme values only. Gland weights and dry rveights determined on 3 animals 
in. each group. 

t Expressed as Huggins-Talalay units per 100 mg dry tissue, Figures in parentheses in- 
dicate ranges. 


the prostatic .AlP-ase increases in concentra- 
tion under the influence of androgen. The 
enzyme is localized in the epithelial elements 
of the gland, a positive phosphatase response 
being found at the basal and luminal borders 
of the epitlielial cells. Since the androgen is 
trophic chiefly to the epithelium in this gland, 
causing an increased epithelial height, it is 
readily seen that androgenic stimulation 
should cause a relative increase in that amount 
of enzyme activity per unit weight of tissue. 

Discussion. These data indicate that, con- 
trary to previous belief, the phosphatases in 
the prostate gland of the rat respond to an- 
drogen in a manner similar to that in the 
monkey and the dog. The quantitative data 
on the seminal vesicle presented here confirm 
the histochemical observations of Atkinson^ 
and of Dempsey et al.^ on the rat. 

Davis, Meyer, and McShan^® have shown 
that the succinic dehydrogenase (SDH-ase) 
and cytochrome oxidase in the prostate and 
seminal vesicle of the rat vary with the andro- 
gen supply in a manner someivhat similar to 
that shown here for the phosphatases. They 
found that in the castrate animal, the SDH- 
ase activity drops off as the weight of the 
glands decreases and returns when testoster- 
one is administered. There is, however, one 
important difference, in the response of the 
two sets of enzjnnes studied. In both studies, 
dosage of testosterone used was sufficient to 
cause hypertrophy of the glands beyond the 
normal state. When this happened in the 
SDH-ase — cytochrome oxidase study, the en- 

EniJoerinologii, 1949 , 44 , 1 . 


zyme activity rose beyond the level found 
in normal animals. In the case of the phos- 
phatases, however, when the weight of the 
prostate was increased to more than twice that 
of the normal gland by 8 days of androgen 
treatment, the phosphatase activity did not 
rise be3mnd the normal level. The seminal 
vesicle under the same conditions hj'pertro- 
phied to 70% above the normal weight, but 
the phosphatase activity did not rise above 
normal. 

This phenomenon explains why Gutman 
and Gutman* were unable to show a response 
of the phosphatases to testosterone in their 
experiments; thej’’ were using adult, intact 
animals which presumably were at the maxi- 
mal level of prostatic phosphatase activity be- 
fore testosterone injections were begun. 

The observations that the seminal vesicle 
is more sensitive to androgen deprivation than, 
the prostate, morphologically^^ and wth re- 
spect to oxidative enzyme activity^® is borne 
out here again with respect to the phos- 
phatases. While the seminal vesicle shows 
marked decrease in weight and phosphatase 
activity by the fourth day after castration, 
the prostate does not show a clear-cut re- 
sponse until sometime after this stage. 

Summary. The acid and alkaline phos- 
phatases of seminal vesicles and prostate 
glands of rats were estimated quantitatively 
in normal animals, castrates, and castrates 


■eceiving testosterone propionate. 

In both glands the enzj^mes decrease in 
ictivitrafter castration, are_r^tored^^ 
11 B.. Dennison, JE, 


r., Biochem. J., 1936, SO, oSS. 
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TABLE II. 

Effect of Various Ooneentriitions of Eserine anti ©PP on {lie Activities Di.splnyed towards 
ECIA and Bcli by Healed* Human Plasma. 


Inhibitor 

Cone, of 
inhibitor (M) 

Inhibition of 

Beh li_vdroly.sis ( 97 ) 

Inhibition of 

ECIA hydrolysis (9r) 

Eserine 

1 X 10-fi 

97 

£1.0 


3 X lO'f 

87 

87 


1 X io-« 

51 

52 


1 X 10-f 

11 

8 

DEB 

8 X lO-'J 

87 

SO 


2.5 X 10-:* 

43 

43 


* Heated at 53'C for SO minutes. 


due to an enzyme or combination of enzymes 
distinct from the pseudo-ChE. That the 
eserine-sensitive residual ECl.'^ hydrolysis by 
the heated plasma preparation was due to 
pseudo-ChE could be concluded from the fol- 
lowing evidence: (a) various concentrations 
of eserine and DFP inhibited the activities 
towards ECl.A and Bch to the same degree 
(Table II); (b) when hydrolj'sis was meas- 
ured in the presence of a mixture of both sub- 
strates (ECL\ and Bch) no addition of the 
separate activities was observed — rather, only 
an activity similar to that exhibited towards 
Bch alone was displayed; (c) e.vposure of 
the treated plasma to a temperature of 56- 
57°C for 30 minutes depressed the activities 
towards Bch and towards ECl.A to the same 
degree (76% and 73% respectively). 

(3) To demonstrate conclusively that the 
pseudo-ChE does not contribute to the eserine- 
insensitive portion of the hydrolysis of ECl.'\ 
by crude tissue preparations, the activity of 
highly purified pseudo-ChE preparations to- 
wards ECl.\ was also investigated. Using a 
9000-fold purified preparation of the pseudo- 
ChE obtained from horse serum.” the ratio 
activity towards ECl.A (0.04M) 

was found 

activity towards Bch (0.006M) 
to be about l.S, as compared with a ratio of 
130 with a sample of untreated horse serum. 
Moreover, although a low concentration 
(lO 'M) of eserine inhibits only a minute 
fraction of the activity of untreated horse 
serum towards ECIA, the activity towards 
EC1.\ of the p.«cudo-ChE purified from the 
same source Ls completely abolished by the 
s.mic concentration of eserine. It is evident, 

K., liiurlti-r.K J., 1;>H. IW, SO. 


therefore, that the major portion of the hy- 
drolysis of EC1.\ by horse serum is due to the 
presence of eserine-insensitive ali-esterases 
which are removed from the preparation upon 
extensive purification of the pseudo-ChE con- 
tained therein. 

From the evidence obtained it can be con- 
cluded that the pseudo-ChE does hydrolyse 
ECl.A but only at about 1 >4 times the rate at 
which it hydrolyses Bch and, further, its 
activity towards ECIA. is inhibited just as ef- 
fectively by eserine as is its activity towards 
Bch. Il^hile various crude enzyme prepara- 
tions may exhibit extremely high activity to- 
activity towards ECIA 

wards ECl.A — the ratio 

activity towards Bch 
varying from 4 in some samples of human 
plasma to 130 in horse serum and over 1000 
in rat plasma — only that small portion of the 
total hydrolysis which is inhibited by low con- 
centrations of eserine can be attributed to a 
cholinesterase. The large eserine-insensitive 
portion of this activity would, on the other 
hand, seem to be due to a distinctly different 
enzyme, an ali-esterase. This ali-esterase, it 
might be noted, is probably not identical with 
the ali-esterases responsible for the eserine- 
insensitive hydrolysis of tributyrin and/or 
triacelin by tissue preparations, as is evidenced 
by differences in sem^itivity to certain inhihi- 
tors (c.g., DEP) and by the fact that human 
plasma displays little or no eserine-insensitive 
activity towards these substrates although ex- 
hibiting a large eserine-insensitive activity 
towards ethyl chloroacetate" and certain sub- 
stituted acetates of nitrophonol.’"- 

*'• Hugein*!, aii(i Smith. 1). U., J. 
iffir, 170, .101. 
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TABLKI. . 

Inhibition of tlie Activity of Human Plasma towards ECIA Brought about by Various 

Inhibitors. - 


Inhibitor 

Cone, of 
inhibitor (JI) 

, Inhibition of 

Bch hydrolysis (%) 

Inliibitioii of 

ECIA hydrolysis (%) 

Eserine 

2 X lO-fi 

100 

43‘ 


2 X 10-n 

. 100 

45 

DFP 

4 X 10-8 

100 

45 


1 X lO-o 

100 

44 


1 X 10-i 

100 

42 


* "With 12 different samples of human plasma the eserine-sensitive portion of the ECIA 
hydrolysis varied from 7-45% (average ea 15%) of the total activity. 


substrate is substituted for another, whether 
this substrate be a choline or a non-choline 
ester. 

The observation of IMcNaughton and Zeller 
that ECIA is split with great rapidity in the 
presence of human serum or suspensions of 
guinea pig parotid gland has been confirmed 
and this rapid hydrolysis has similarly been 
found to. be only slightly inhibited by 10'%! 
eserine. However, while these preparations 
have been shown^°'^‘ to contain relatively 
large amounts of pseudo-ChE, no evidence 
was presented by these authors® to substan- 
tiate their assumption that the high activity 
•towards ECIA is not due, in part at least, to 
the presence of other esterases. To investi- 
gate the nature of the enzyme or enzymes re- 
sponsible for the hydrolysis of ECIA by crude 
tissue preparations, the following experiments 
were carried out: 


( 1 ) To exclude the possibility that the low 
percentage inhibition of total ECIA hydroly- 
sis by eserine (a concentration which 

inhibits completely pseudo-ChE activity to- 
wards acetylcholine, benzoylcholine, tributy- 
rin, etc.) might in some way be associated 
with the fact that the inhibition produced by 
this compound is ‘competitive’ and reversi- 
ble'- the crude preparation was incubated 
with diisopropyl fluorophosphonate (DFP), 
an irreversible inhibitor with very high af- 
finity for pseudo-ChE.'® In the presence of 

"lirMfindel, sTTMunddlT^rB., and Rudney, H., 
Siochem. J., 

iljMende!, B., and Eudiiey, H., Science, 1943, 


201 . 

KStraus, 0. H., and Goldstein, A., /. Gen. 

I’hysiol., 1943, 20, 559. „ „ t 

13 Hawkins, R. D., _^and ifeudel, B., Brit. J. 

Pharnuicol., 1947, 3, 113. 


.5 X 10‘®AI DFP, pseudo-ChE was completely 
inactivated, as indicated by the total absence 
of activity towards benzo 3 dcholine (Bch), a 
substrate specific for the pseudo-ChE’s of 
most mammalian tissues.'® Despite the com- 
plete and irreversible inactivation of its pseu- 
do-ChE, however, human plasma tested in 
the presence of this concentration of the in- 
hibitor still displays a high activity towards 
ECIA. Moreo%'er, the degree of inhibition of 
total ECIA hi^drolysis produced by this con- 
centration of DFP was almost identical with 
that observed with eserine in concentrations 
which also completely abolish the activity of 
human plasma towards benzojdcholine. Since 
evidently the portion of the h}'’drolj'sis of 
EC1.A which is insensitive to eserine is also 
insensitive to DFP, the eserine-insensitive 
portion of the ECIA hydroli'sis is most likelj’' 
due to a type of esterase distinct from the 
enzyme responsible for the eserine-sensitive 
portion of the activity. This supposition is 
further confirmed bj'' the fact that considerable 
increases in the concentration of either in- 
hibitor fail to augment the inhibition appreci- 
ably (Table I) , in contrast to the results which 
would be e.xpected if only one enzyme, the 
pseudo-ChE, were responsible for the total 
activity displayed towards ECIA. 

(2) To prevent any ali-esterases from par- 
ticipating in the activity displayed towards 
ECIA, preferential inactivation of these en- 
zymes was effected by heating undiluted o.va- 
lated human plasma at SI-SJ'C for 60-90 
minutes. Plasma treated in this manner still 
displayed 65-75% of the activity of the un- 
treated plasma towards Bch and all of its 
residual activity towards ECiA was inhibited 
by eserine. These results demonstrate that 
the eserine-insensitive h 3 'drolysis of ECIA is 
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TABLE I. 

Effects of Iniiclazotc BerivaUves on tUe Growtli of K. pneuwonfoc. 

Turbidity readings, time in hr 
Concentration , 


Substance tested 

X 10-A M 

14 

10 

IS 

20 

22 

24 


50 

9 

34 

90 

130 

130 

130 

Hi.st.aminc • SIICl 

10 

t 

O.-, 

70 

130 

130 

130 


50 

50 

104 

130 

130 

130 

130 

1 (-b) Histidine • UCl 

10 

19 

02 

110 

130 

130 

130 


50 

0 

14 

40 

110 

12^ 

400 

5-(4)-amino-4(5)-imii3azolecarboxamidc • HCl* 

10 

0 

4 

15 

00 

116 

126 


50 

21 

74 

120 

123 

123 

123 

rmid:izole4.5-dicarboxj-lie acid* 

10 

0 

38 

100 

130 

130 

130 


50 

0 

,7 

10 

37 

98 

130 

Imidazole* 

10 

0 

1 

6 

25 

80 

128 

ji-.tminobeiizoic acid t!0 y/mlt 


0 

0 

3 

12 

53 

109 

Control 


0 

0 

4 

19 

66 

Cl 

r **4 

* .5(4)-Amino-4(,5)-imidaznlecarboxamidc wa.s 

obtained from Dr. Jobn M. Buebanan. The otber 

com- 


pounds were from Eastman Kodak Co. 

t With 0.1 and 1,0 7/niI growth was of similar magnitude. 


used in this study. The inocula, derived from 
24-hour salt-glucose cultures, were washed 
once with and resuspended in phosphate buffer 
and diluted so that after inoculation each sys- 
tem contained approximately 50 viable cells 
per ml. .All cultures were incubated at iVC. 
The turbidity readings (filter N'o. 54, Klett- 
Summerson photoelectric colorimeter) repre- 
sent averages of triplicate determinations. 

Mkro-dctcrmiiiatioit of Histamine and His- 
tidine. This method is an adaptation of the 
method of Maepherson’ and was carried out 
in Klett tubes. The final volume of the re- 
action system was 6 ml and consisted of from 
2 to 20 y of histamine or histidine per ml, 3 
ml of water. 0.4 mi of sulfanilic acid in 10% 
hydrodiioric acid solution. 0.4 ml of 5% 
sodium nitrite, and 1.2 ml of 30% sodium car- 
bonate added after 30 minutes standing at 
room temperature. Colorimetric readings were 
made immediately with the use of the Xo. 54 
filter. This permitted the determination of 
2 y of cither compound. 

t>(d)-Av;ino-4{5)-midazolccarbo.\-amidc? 
1 hi.s substance w;ls determined according to 

> .M.-iciihcrvm. II. T,, lUtTaO. 

-Miuv, W,. Arkrrmnmi, \V. \V.. liiirilmi. -M., 
.Xt. E.. .an.i Enkiu, M. E., J. An. 

.v'or., 11147, «i), 72 ,- 


the method of Bratton and Marshall.* This 
method carried out in Klett tubes permits the 
determination of 2 y of tlie compound. 

Results. The results given in Table I clear- 
ly indicate the stimulatory effects of histidine, 
histamine, imidazole-4, 5-dicarboxylic acid, 
and 5(4) -amino-4 ( 5 ) -imidazolecarbo.xamide. 
Histidine concentration of 2 x 10’*hl, and 
histamine. 5 x 10'*M, also e.xercised definite 
stimulatory effects. Imidazole has but slight 
effect and p-aminobenzoic acid has no effect. 
Maximal groivth and the logariUimic growth 
rates are approximately equal for all systems. 
•At the times of maximal growths in the ac- 
celerated systems (IS to 20 hours), the tur- 
bidities were 5 to 30 times greater than that 
of the controls. The observed stimulatory 
effect is that of shortening the lag phase, and 
is not as apparent when large inocula are used. 

During growth there was no measurable 
utilization of histamine or of 5(4)-amino- 
4(5)-imidazolecarboxamide. Histidine was 
utilized in proportion to growth. HLctidine can 
.•^eiwe as a sole source of carbon for growth in 
Uic absence of glucose while histamine cannot. 
For lack of a quantitative method, it was not 
determined whether or not imidazo!e-4,5-di- 

3 Bmttoii, A. ('., :in4 M;ir?!iall. E. K., J. TJOiI. 

Ctit-m.. IM!), .-,;!7, 
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Investigations with two ‘irreversible’ in- 
hibitors—DFP as a preferential inhibitor of 
pSeudo-ChE and tri-o-cresyl phosphate 
(TOCP) as a preferential inhibitor of ali-es- 
terases^® — showed that these compounds, un- 
like eserine, cannot be used as a general means 
of distinguishing pseudo-ChE and ali-esterase 
activities; certain ali-esterases, e.g., the ali- 
esterase of rat plasma hydrolysing ECIA, ex- 
hibit abnormally high sensitivity to DFP, 
while others, e.g., the ali-esterase of rat brain 
hydrolysing tributyrin, proved to be quite in- 
sensitive to TOCP. In other words, the por- 
tion of the total activit}' inhibited by low 
concentrations of DFP may not always be a 
reliable index of pseudo-ChE activity and 
similarly the portion of the total activity in- 
hibited by TOCP may not always be a re- 
liable criterion of ali-esterase activity. How- 
ever, in all cases tested as yet the ali-esterases 
have proved to be much less sensitive to eser- 
ine than the cholinesterases of the same tissue. 
In fact, so far as is known, a concentration of 
2 X eserine can be used to inhibit com- 
pletely or almost completely the cholinesterase 

16 Mendel, B., and Mortimer, E. M., Eeport to 
National Besearch Council of Canada, October, 
1944. 


activities in mammalian tissue preparations 
while leaving those of the ali-esterases unaf- 
fected. 

Summary. Recent observations by l\Ic- 
Naughton and Zeller on the high ‘eserine-in- 
sensitive’ activity displayed towards ethjd 
chloroacetate by various crude preparations of 
pseudo-ChE have been confirmed but the ex- 
perimental results reported here fail to sub- 
stantiate their conclusion that the activity of 
pseudo-ChE towards ECIA is insensitive to 
eserine. The evidence presented here has, in 
fact, indicated that the activity of any of the 
cholinesterases towards ethyl chloroacetate is 
inhibited by low concentrations of eserine, the 
remaining eserine-insensitiv'e activity being 
due to ali-esterases. The value of eserine for 
distinguishing that portion of the hydrolysis 
of aliphatic esters which is due to the cholin- 
esterases from that due to ali-esterases in 
crude tissue preparations has been re-affirmed. 
It would seem that of the three inhibitors 
tested (eserine, diisopropyl fluorophosphonate, 
tri-o-cresyl phosphate), only eserine can be 
relied upon to give a clear cut distinction be- 
tween cholinesterase and’ ali-esterase activi- 
ties in all cases. 

Received June 2, 1949. P.S.E.B.M., 1849, 71. 


J719I. Histamine and Other Imidazole Compounds as Bacterial Growth 
Stimulators.* 


W. R. SlRAUGHNf AND M. G. SeVAG. 

From the Department of Bacteriology, School of MeHicine, University of Pennsylvania, 

Philadelphia, Pa. 


In the course of a study it was observed 
that small amounts of histamine markedly 
stimulated the growth of certain bacteria. This 
report represents typical results of a compara- 
tive study of this effect with histamine and 
other derivatives of the imidazole nucleus. 

« Tliis investigation was supported, in part, by a 
research grant from the Division of Research 
Grants and Eeiiowships of the National Institute 
of Healtli, IT. S. Public Health Service. 

t Abbott Fellow in the Department of Bac- 
teriology, 1948-1949. 


Materials and methods. The culture me- 
dium was composed of NaCl (0.5%), MgS04 
.THeO (0.02%), (NIl.)H2PO.i 0.1%, K; 
HP64 (2.4%), KH2PO4 (0.6%), glucose 
(0.2%) and distilled water. The reaction of 
the medium was pH 7.0. It was passed through 
a sintered glass filter to sterilize. Solutions of 
the test substances in the salt-glucose medium 
were also sterilized by filtration. No signifi- 
cant drop in pH occurred during growth with 
this high phosphate buffer concentration. A 
stock strain of Klebsiella pneumoniae was 
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TABLE T. 

Effect of Salnionell;! Endotoxin on Intorniedintc Metabolites of tiie Eat Liver Baring 
Glycogen Synthesis. (Dose of endotoxin =: B mg/TOO g r.at). 


Xormal 

Metabolite st.arving 


Glycogen 440 

Glueose-jl-P04 SC 

Glu<osc-e-P04 1,9S0 

Fructose-C-PO^ 200 

Fructose-l-C-<lipli(isp!iate 1S7 

Fentofc-PO^ l.TO 

Triose-PO^-pliosplioms’ 17 

Phosphopyruric acid CS 

Pynn-ic acid 9,5 

E'letic aeid 37 

Pyropliosplmte phospliornst 40 

Pliosphoereatine 90 

Insoluble nucleic acid phospliornst 1,100 


Xormal 
id glueofe 

.Sf.arviiig, 
in.i. with 
endotoxin 

Eed gliieose ami 
inj. with 
endotoxin 

41,500 

0 

0 

CS 

15 

10 

1,3.50 

220 

240 

SO 

10 

10 

ISO 

220 

230 

128 

74 

30 

31 

50 

75 

15 

0 

0 

9.5 

IS 

12 

14S 

310 

390 

10 

C.O 

29 

1,470 

500 

soo 

830 

7f.O 

550 


* Values for triose phosphate phosphorus express the alkali labile phosphorus of the Ba 
soluble, alcohol-precipitable fraction. 

t Values for pyropliosphatc phosphorus represent the 7 minute phosphorus, obtained by 
hydroly.si.s of the Ba insoluble fraction in 1 X IICl. 

; The nucleie acid phosphorus was determined by the trichloroacetic acid proctxlure of 
Schneider in the insoluble protein residue.! 


this intermediate. On this basis the inhibition 
of glycogen sjmthesis could at least partially 
be e.vplained bj' an inhibition of biological 
oxidation. This iras alreadj’ suggested by pre- 
vious observations, which showed the de- 
creased succinoxidase capacity of the tissues 
of rabbits injected with endotoxins.' The 
.«ignificance of the decrease of the insoluble 
nucleic acid phosphorus cannot be evaluated at 
present. 

Since it is generally accepted that the main 
paihsvay of biological oxidation is by way of 
pyruvate oxidation.-" it appeared to be of 
special interest to demonstrate pyruvic o.xi- 
dase inhibition ih vitro, which inhibition was 
suggested by the results obtained in animal 
tb.'iues. 

.■\n alcohol precipitable fraction of meningo- 
coccal and Salmonella endotoxin proved to be 
a powerful inhibitor of pyruvate oxidation in 
vitro. 1 he preparation of the inhibitory sub- 
stance was carried out following a procedure 
used In- Boivin and -Mesrobeanu for extracting 
an antigenic carbohydrate-lipid complex from 
Gr.ani negative bacteria (bibliography cited in 

). The crude endotoxins were centrifuged 
at 4000 for 60 minutes at O'. The 

.'■ujH'rnatant mixture of soluble proteins was 

’ V'-niust.iml. R., /6or/,fBU ”lP4S 

Viil. xvn, 227. 


precipitated by the addition of equal volumes 
of ice cold 10% trichloracetic acid. The pre- 
cipitate was sedimented by centrifugation and 
the supernatant neutralized to pH 7.0. This 
neutralized supernatant was dialyzed against 
running tap water for IS hours. The final 
step was the addition of 8 to 10 volumes of 
cold 95% alcohol. .-X light flocculent precipi- 
tate settled down when the mixture was kept 
for 24 to 48 hours at O'C. This alcohol pre- 
cipitable fraction was centrifuged and after 
several washings with 95% alcohol was dried 
under a stream of warm air. The yield of this 
fraction was estimated to be 25 to 30 mg per 
liter of crude meningococcal endotoxin con- 
taining 1% solid material, and the yield from 
Salmonella endotoxin was 6 to 8 times greater. 
These materials could be resuspended in iso- 
tonic salt solution, yielding a slightly opales- 
cent suspension. 

Pyruvic oxidase was prepared by a method 
similar to that emplo.vcd by Lebninger and 
Green.*-" Three grams of rat or rabbit liver 
were homogenized in 1 5 ml ice cold poUissium 

*'• Himr. .4. K.. and Miller, (". I’., Iuf<c1. 

1944 , - 17 . 7 .'>. 

' l-ohninger. A. L., .1. JSwL Chrm.. 1945 4;57 

ir.i. 

f- Green, I>. E.. I.onniii. W. K., jind Auerl-aeli. 
V, li., ,1. Jliol. rtirm.. ) 94 ‘i, ;l8n. J72. 
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carboxylic acid and imidazole were utilized. 
In the case of histamine and 5(4) -amino-4 (S)- 
imidazolecarboxamide, if utilized, the stimula- 
tory effect must be due to amounts less than 
could be detected by the micromethods de- 
scribed above. Whether or not these effects 
have bearing on purine metabolism, or possess 


a vitamine-like function are under investiga- 
tion. 

Summary. Histamine and certain deriva- 
tives of imidazole nucleus have been found 
in trace amounts to exercise stimulatory ef- 
fects on the growth of K. pneumoniae. 

Received June 7, 1949. P.S.E.B.M., 1949, 71. 


17192. Mechanism of Inhibition of Glycogen Synthesis by Endoto.\ins of 
Salmonella aertrycke and Type I Meningococcus.* 

Ernest KuNt and L. G. -Abood. 

From, the Departments of Pharmacology anil Medicine, University of Chicago. 


Endotoxins of Salmonella aertrycke and 
meningococcus were found to have a marked 
effect on carbohydrate metabolism as meas- 
ured in vivo'^'- and in vitro.-'''^ These observa- 
tions indicated that the endotoxins act on both 
anaerobic and aerobic phases of carbohydrate 
metabolism. The present paper describes ex- 
periments, dealing with the effect of endotox- 
ins in vivo and in vitro on the oxidation of 
pyruvate as related to glycogen synthesis. 

Experimental. The inhibitory effect of 
crude Salmonella endoto.vin on the synthesis of 
liver glycogen was studied in detail. The 
experimental conditions were similar to those 
previously described,^ but the time of in vivo 
glycogen synthesis was extended to a period 
of 5 hours. Twelve rats were divided into 4 
groups: the first group received no glucose and 
no toxin; the second group was given glucose 
by stomach tube but no toxin; while the third 
group received Salmonella endotoxin but no 
glucose; and the fourth received both glucose 
and endotoxin. The amount of Salmonella 
endotoxin was 9 mg per 100 g body weight, 

• Tills investigation was supported by the H. S. 
Navy, Office of Nava) Rescareli, and tlie Tniversity 
of Chicago. 

t Present address: Tulane V. .School of llcdt- 
cine, New Orleans, La. 

iKun, E., and Jliller, C. P.,.Proc. Soc. Exp. 
Biol, and Med., 1948, 07, 221. 

2 Kun, E.. Proc. Soc. E.xp. Biol, and Med., 

1948, 68, 490. 

SKim, E., J. Piol Chem., 1948, 761, 174. 


a dose which was lethal for starving rats in 
IS to 36 hours. Glucose was given I hour 
after the intraperitoneal injection of the endo- 
toxin, and all animals were sacrificed S hours 
after glucose administration. The method of 
removal of liver samples and detailed analyti- 
cal procedures for metabolic intermediates 
have been reported elsewhere.'* Analytical 
results in each group of rats agreed from 
animal to animal within ± 15% for triose- 
phosphates, phosphopyruvate, hexose mono- 
and diphosphates and pyrophosphates, and 
within ± 10^ for the rest of the intermedi- 
ates. Results are summarized in Table I, 
where the analytical data are expressed in 
terms of micrograms of intermediates per gram 
of liver wet weight. 

These analytical results confirmed previous 
findings- since even small doses of the endotox- 
in completely inhibited glycogen deposition. 
The lactic acid content of the livers of rats, 
injected with Salmonella endotoxin, was 
markedly increased, an effect which was simi- 
lar to that observed in rabbits after the in- 
jection of endotoxins.* This finding itself 
indicated tissue anoxia, which, on the other 
hand, resulted in an inhibition of the function 
of the adenylic system. The inhibition of 
carbohydrate synthesis at the level of phos- 
phopyruvate was suggested by the absence of 

4 Kun, E., .111(1 Abood, L, R., ilrch. Internal. 
Pharmocadyn. et Thrr., (GnnO, Belgium), 1949, 
80, r,i. 
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TABLE J. 


Effwt of S.'ilimmclla Endotoxin on Intermediate Metabolites of tlie Rat Liver During 
Glycogen Synthesis. (Dose of endotoxin =: 0 mg/100 g rat). 


Met:(1)(ilitc 

Normal 

starving 

Xonnai 
fed glucose 

.Starving, 
iuj. with 
endotoxin 

Fed glucose and 
inj. with 
endotoxin 

Glveogon 

440 

41,500 

0 

0 

Glucosp-l-PO^ 

S6 

08 

15 

10 

Glucose-0-PO.( 

1,980 

1,3-50 

220 

240 

FructoseC-PO^ 

200 

80 

10 

10 

Fruftose-l-fi-(lijiliosiiliate 

187 

ISO 

220 

230 

Pcnlosc-PO^ 

l.TO 

128 

74 

30 

Triose-PO.|-liIi(ispliorus* 

17 

,31 

50 

75 

Pliosptiopyruvic avid 

C8 

15 

0 

0 

Pyruviv acid 

0.5 

0.5 

18 

12 

Laeiie aeid 

37 

148 

310 

300 

Pyropliospliato pliospliorust 

4fi 

10 

6.0 

20 

Plmsplincrcatine 

00 

1,470 

500 

800 

Insoluble iiuvlcic acid pliospliorust 

1.100 

830 

760 

550 


* Values for trioso pliosjdiatc {diospliorus c.xpress the alkali labile phosphorus of the Ba 
soluble, aleohol-preeipitable fraetioii. 

t Valuc.s for pyrophosphate phosphorus represent the 7 minute phosphorus, obtained by 
hydrolysi.s of the Ba insoluble fraction in 1 X IICI. 

{The nueleic aeid phosphorus \va.s determined by the triehloroaeetie aeid proeeelure of 
Schneider in the insoluble protein residue.-* 


this intermediate. On this basis the inhibition 
of glvcogen synthesis could at least partially 
be e.xplained by an inhibition of biological 
oxidation. This was already suggested by pre- 
vious observations, which showed the de- 
creased succinoxidase capacity of the tissues 
of rabbits injected with endotoxins.^ The 
.significance of the decrease of the insoluble 
nucleic acid phosphorus cannot be ex-aUiated at 
present. 

Since it is generally accepted that the main 
pathway of biological oxidation is b\’ way of 
pyruvate oxidation.'- it appeared to be of 
special interest to demonstrate pyruvic oxi- 
dase inhibition in vitro, which inhibition was 
suggested by the results obtained in animal 
tissues. 

.^n alcohol precipitable fraction of meningo- 
ccrccal and Salmonella endotoxin proved to be 
a powerful inhibitor of pyruvate oxidation in 
vitro. 1 he preparation of the inhibitory sub- 
.<=tance was carried out following a procedure 
used by Uoivin and Mesrobeanu for extracting 
an antigenic enrbohydrate-lipid complex from 
Gram negative bacteria (bibliography cited in 
■). The crude endotoxins were centrifuged 
at 4(X)0 R.r.M. for 60 minutes at 0°. The 
.'U|>ernatant mixture of soluble proteins was 

^ rnnrsl.iiii], B., jy,. m., 1P4S, 

Vul. XVn, 2gT. 


precipitated by the addition of equal volumes 
of ice cold 10% trichloracetic acid. The pre- 
cipitate was sedimented by centrifugation and 
the supernatant neutralist to pH 7.0. This 
neutralised supernatant was dialyzed against 
running tap water for IS hours. The final 
step was the addition of 8 to 10 volumes of 
cold 95% alcohol. A light flocculent precipi- 
tate settled down when the mixture was kept 
for 24 to 48 hours at 0°C. This alcohol pre- 
cipitable fraction was centrifuged and after 
several washings with 95% alcohol vi’as dried 
under a stream of warm air. The yield of this 
fraction was estimated to be 25 to 30 mg per 
liter of crude meningococcal endotoxin con- 
taining 1% solid material, and the yield from 
Salmonella endotoxin was 6 to 8 times greater. 
These materials could be resuspended in iso- 
tonic salt solution, yielding a slightly opales- 
cent suspension. 

Pyruvic oxidase was prepared by a method 
similar to that employed by Lehninger and 
Green.- '' Three grams of rat or rabbit liver 
were homogenized in 1 5 ml ice cold potassium 

Boor, .\. K., :iinl Miller, (’. B., Infict, 

MM4. 47, <.'i. 

‘ Leliniitgcr. .\. L., . 1 . Hint, ('hem., IfH.''. 4;{7 
Ifil. ‘ ’ 

s Green. I). K.. I.iminis, W. V., .nn<l AuvrB.-icli. 
V. 11., J. Ihni. f'lirnt.. 1P4K. IT2, 
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INHIBITION OF LIVER PYRUVIC OXIDASE BY 
AN ALCOHOL- PRECIPITABLE FRACTION OF THE 
ENDOTOXINS OF SALMONELLA AERTRYCKEAND - 
TYPE I MENINGOCOCCUS 



Tig. 1. 

Each ^Ynrburg flask contained 300 mg enzyme, 
0.5 ml 0.01 jM adenosiuetriphosphate, 10 mg so- 
dium pyruvate as substrate, and 0.2 ml 20% sodium 
hydroxide in the center. The endoto.vin fraction 
(6.5 mg) was suspended in 1 ml potassium me- 
dium. The final volume in each flask was made up 
to 3 ml. Oxygen consumption was measured at 
ST'C. The gas phase was air. 

meflium (containing 100 parts of 0.9% po- 
tassium chloride, + 21 parts 1.3% potassium 
bicarbonate, + 1 part 3.82% magnesium sul- 
fate heptahydrate; to 120 ml of this mixture 
1 ml of 2.1% potassium acid phosphate was 
added immediately before use). The hom- 
ogenate was centrifuged' and washed 3 times 
in the cold as described by Green® and finally 
resuspended to a volume, which contained 300 
mg of original liver homogenate per ml. After 
the addition of adenosinetriphosphate and 


sodium pjTuvate, oxygen consumption was 
measured wnth and without the addition of 
- 0.5 mg of the endotoxin alcohol-precipitable 
fraction. In the presence of this fraction the 
oxj'gen consumption, due to the addition of 
pyruvate, ivas invariably depressed. 

It Tvas of interest that the alcohol precipi- 
table fraction of meningococcal endotoxin was 
very toxic to rabbits (0.5 to 1.0 mg injected 
intravenously produced death in 24 hours) 
while rats and mice were susceptible to the 
Salmonella fraction (70 to 150 fig injected 
intravenously were lethal to mice and rats in 
16 to 24 hours). 

A similar difference was observed in vitro: 
the pjTuvic o.\'idase of the rabbit liver was 
inhibited by the meningococcal endoto.xin 
fraction, w'hile the rat liver enzymie ■n’as sensi- 
tive to the Salmonella endotoxin preparation. 

Svmmary. In vivo and in vitro experiments 
indicated that the inhibition of pyruvate oxi- 
dation occurred in animals injected with bac- 
terial endotoxins. The inhibitory factor was 
probably identical with the toxic "antigene 
complet” of Boivin and hlesrobeanu. It is 
suggested that the inhibition of pyruvate oxi- 
dation plays an important role in the toxic 
effect of endotoxins. The e.xact mechanism of 
the inhibition of pyruvate oxidation and the 
identification of 'the inhibitor as w'cll as the 
■biochemical nature of other components of 
the endoto.xins remains to be further investi- 
gated. 

The authors wish to thank Dr. C. Phillip Jliller 
for the crude endotoxins prepared in hig labora- 
torj" and for valuable criticism of this paper. 

Eeceived April 20, 1949. P.S.EJB.il., 1949, <1. 
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17193. Effects of Certain Azo Dyes upon the Cockroach Blattejla ger- 
tuanica* 

JEREE L. NoLAXD AKD C. A. BADilAN-N. 

J-'rom the Beparlment of Siochcvmirs- College of Aoriculiure, Vtiiversliy of IVisconioo, 

2Iadison, TTis. 


\‘ery little is known about the effects of 
carcinogens upon insects. In the present 
study the cockroach BlatlcUa germamea (L.) 
was fed crude or synthetic diets containing 
varying amounts of p-dimethylaminoa^oben- 
zene (D.\B), m'-methyI-/i-dimethylamino- 
azobenzene (m'D.AB) or aminoazobenzene 
(AAB). The effects of the dyes upon growth 
rate, maturity, sundval, ability to reproduce 
and the occurrence of internal lesions were de- 
termined. Xewly-hatched nymphs from 
single egg sacs were divided into groups of 
5-7 and kept in wire-screened test-tube cages’ 
at a temperature of 27-32°C. Food and water 
were given ad libhim and were replaced week- 
ly. The njTnphs were weighed under CO 2 
anaesthesia at 10, 20, and 30 days of age. 
The age at maturation, the ability to repro- 
duce, and the fraction surrdving were recorded. 
.Ml surviving adults were eventually dissected 
and examined for abnormalities. 

Experimental. In 3 preliminary e.xperi- 
ments D.AB was fed at 0,03, 0.06, O.I and 
0.29fi. and m'D.AB was fed at 0.06 and 0.2^ 
of a crude diet consisting of dog biscuits 
(Friskies) 64^c, corn oil 4% and cholesterol 
1 or O.l^c. Both the growth rate and repro- 
ductive performance of these insects remained 
essentially normal. The insects were dissected 
at ages varj-ing from 54 to 151 days. .\l these 
times abnormalities of the digestive tract were 
seen in 37 of the 43 adults c.xposed to the 

* riililbluil ivitli ftic .-nn'rovnl of the Director of 
tlie Wi'icnii'.in .Xcriciiltur.'il Experiment Station. 
Siipported in p;irt tiy l)ie .Ion:itli;in Itowninn Cnn- 
cer I'oumlatiim .mil liy ttie Hi'se.’irili ('oininittee 
of the tirmiunle Scliool from fmnis supplieil liy 
the \\i?ion«in .Vtumni Ite.^e.iroh Fonnii.ntinn. The 
initinl oxperiiiu'ntp were <lone in eoll:ifiornfion with 
Oriitin. Tlie photmnicrocr.nphs were taken 
ti_v ('nrol Xiihiml. 

t Eo'.aiul. ,1. l.illy. ,T. U„ niiil lt.nnniann. 

.S.. .li r,. Knf. StH\ .!n., I'MO. 4", f,;'. 


dyes, while none of 50 insects fed onh' the 
crude diet were affected similarly, A com- 
mon condition was the occurrence of small 
black flecks in the walls of the esophagus, 
crop, mid-gut and hind-gut and in the tissue 
of the fat body, A characteristic finding in 
insects fed 0.1% D.-\B was a degeneration of 
the IMalpighian tubules, which were sticky 
and tended to form clumps or nodules. In 
some cases small vesicles were present at the 
proximal ends of the tubules. In Experiment 
1, 3 of 5 roaches fed 0.1% D.^B were affected, 
in E.xperiment 2. 4 of 5 and in Experiment 3, 
0 of 5. The entire digestive tracts of these 
affected insects were removed, imbedded by 
the dioxan-paraffin method, cut serially into 
sections 6-10 microns thick and stained with 
hematoxylin, with or without eosin counter- 
stain. Photomicrographs were taken of rep- 
resentative lesions (Fig. 1-3). 

In a more detailed stud}', the potent carcin- 
ogens D.^B and m'DAB were fed for long 
periods of time at a level of 0.2% in both 
crude and synthetic diets, and the non-car- 
cinogen .A.^B was fed at 0.2% in a s\mthetic 
diet (Table 11). One hundred and four 
newly-hatched nymphs from 4 egg sacs were 
distributed among IS cages and fed the 6 diets 
shown in Table 1. Growth rate, reproduction, 
and survival were measured, and the adults 
were dissected at ages varying from 112 to 
173 days. Some of the Fj nymphs from each 
group were kept on the same diets as their 
parents, and were killed for e.xamination at 
97-101 days of age. In addition to the experi- 
mental insects, a total of 127 adults previously 
fed a variety of crude and synthetic diets not 
containing azo dyes were dissected at ages 
varying from 53 to 143 days. 

The growth rate, reproduction, and survival 
of the ro.aches were not greatly affected by the 
three :izo dyes, although growth was retarded 
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Cross-scetion of cockroach gut at the junction of mid-gut and iiind-gut, showing lesions in 
the Malpighian tubules due to the feeding of azo dyes. A full description of this region as 
found in the norma! coekroach is given by Miall and Denny.-* 

Fig. 1. Low Power. Cockroach pre%-iously fed 0.1% DAB for a short period of time. A — 
inid;gut. B~hind-gut. C— Origin of Malpighian tubules. D— Malpighian tubules in cross- 
seetion showing the beginning of degeneration. 

Fio. 2. Low Power. Cockroach previously fed 0.1% DAB for a long time; shon-ing the two 
characteristic types of lesions of the Malpighian tubules duo to the azo dyes. A — Small vesicles 
formed by swelling of the tubules. B — Nodules formed by the fusion of adjacent tubules. 

Pig. 3. High Power. Detail of a nodule shown in Pig. 2. A — Outlines of Malpighian 
tubules within nodule. B — Tcllow granule of azo dye or its derivatives. C — Surrounding 
layers of hemoeytes. 


slightly when m'DAB was fed in the crude 
diet (age at maturity increased from 55 to 59 
days) or DAB was fed in the synthetic diet 
(age at maturity increased from 49 to 64 
days) (Table I). No consistent effect upon 
either reproduction or survival could be de- 
tected. The characteristic abnormality in 
insects fed the azo dyes in these experiments 
was the occurrence of large vesicles at one or 
more of the 6 points at which the iWalpighian 
tubules arise from the intestine (see Fig. 1 
and 2 for the location of these lesions). The 
vesicles ranged in size from one-fourth to 10 
times the diameter of the mid-gut, and as 
many as 4 were observed in a single insect 
(Table II). The vesicles were usually thin- 
walled and filled with a light yellow fluid, 
but some were thick-walled and contained 
either a fluid or dark brown granules. In 
some individuals the proximal portions of 
adjacent Malpighian tubules were fused into 
nodules (Fig. 2 and 3). The extent of 


vesicle formation did not appear to be affected 
by the type of basal diet fed. Of the 3 dyes, 
DAB appeared to cause the most lesions, fol- 
lowed by m'D.'\B which was fairly active, and 
AAB which was slightly active (Table II). 

Discussion. It is evident from these experi- 
ments that the cockroach has a much higher 
tolerance for the carcinogenic azo dyes than 
has the rat or mouse. 0.06% D.4B or m'D.'^B 
in the diet seriously retards growth and pre- 
vents reproduction in the rat'’'“ while more 
than three times this level (0.2%) of either 

- Miall, L. C., and Denny, A., Tlie Coekro.ieb, 
London, 1886, 123. 

.'iNol.nnd, J. L., Lilly. J. H.. and Baumann, 
C. A., A«n. Eiit. Snr. Am,, in press, II. 

•* Xolaud, J. L., and B:iuni;inn, C. A., Pkoc. .Soc. 
Exp. Bion. a.n'd Med., 1949, 70, 198. 

.■.Miller, J. A., Miner, D. L., Ruscli, H. I’., and 
Baumann, C. A., Cancer /.’e.v., 1941, 1, 699. 

«Giese, .1. E., Miller, .1. A., and Haum.ann, C. A., 
Cancer Sen., 1940, 0, .837. 
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TABbE I. 

Growth Rote, Re)irodueti(in and Survival of Corkroavlu'S Fed Various Azo Byes. 


Basal* 

Diet 

supplement t 

AVt at 
3(1 days, 
mg 

Age .at 
maturity, 
days 

Egg-sacs 

produced 

.Avg Xo. per 
egg-sae 

Survival 

{frnct*) 

Crude 

None 

20 


.3 

32 

14/1 r 

3 7 

BAB 

25 

55 

9 

25 

14/1 s 

Kvnt. 

* 3 

31 

04 

1 

29 

n/Ls 

Crude 

lu'BAB 

20 

.59 

5 

28 

9/12 

Svnt. 


25 

57 

7 

20 

15/17 

? 3 

AAB 

30 

49 

9 

20 

14/17 

* Tlip crude basal diet 

consists of ‘ 

'“Friskies” dog biscuits 95';7 

and corn oil 5‘7c. 

Tlic syii- 


tlictie basal dipt is “ synthetic diet 

t All supplements were fed at QM’/r of the diet. BAB = p-diniethylaminoazobenzene; 
m'D.\B =: i)i'-mptliyl-j)-diinethyl!iniinoazobeiizeiie; AAB = .aiuiimbeiizpnp. 


TABLE II. 


Occurrence of Vesicles in 

tltc Tiilmles Cockroaches 

Fed Vnriou.s Azo 

D.ve.s, 


nict* 

s 

Roaelips dissected 

Incidence of vesicles 


^ 

Age, 

Sex 


.\vg Xo. 

Avg ' 

Basal 

Sujiplenicnt 

days 

M F 

incidence 

per roac-Ii 

diani.f 

Crude 

^'one 

First 

112-123 

generation roadies. 

10 0 0 

0 

0 


DAB 

112-123 

7 6 ■ 

oS 

2.0 

2.4 

Synt. 

* > 

112-123 

« 3 

89 

2.1 

2.-5 

Crude 

m'DAB 

112-123 

(5 4 

30 

1.3 

1.2 

Svmt. 

J t 

112-1-23 

1 Cl 

75 

1.3 

O.d 


AAB 

112-173 

4 3 

29 

1.3 

O.C 


Crude 

Xonp 

Si-eond generation roaelie 
97 0 10 

'S. 

0 

jf 

DAB 

97 

5 

10 

100 

Ryiit. 

’’ 

97 

4 

11 

S7 

Crude 

m'DAB 

97 

7 

s 

53 

Syiit . 

» » 

97 

5 

10 

40 


AAB 

101 

7 

G 

09 

Crude 

Xonc 

90 

L’n.cehv 

25 

ted roacln-.s, 
25 

0 

Fed 19 

difTerent 

.'3-14.3 

.IS 

39 

0 

syntbetic diets 




0 

0 

1.7 

2.5 

1.7 

1.2 

l.S 

0.7 

1.7 

0.5 

LG 

O.G 


0 

0 

0 

0 


• For eomposition of (iiet.«, see footnote to Table I. 

f Expre.s«ed .a, the ratio of the di.an.eter of the vesicle to that of the mid-intestine, which is 
normally (>.(.» mm in diameter. 


compound had iiuie or no effect upon the 
prowth rate of the roach. .Another difference 
bi the relative order of activity of the 3 com- 
pounds fed. I'or the production of liver tu- 
mors in rat.s. m'D.AB is much more active 
than D.AB, and .A.AB is quite inactive'^ ' while 
for the production of Malplphian tubule le- 
sions in the roach. D.AB appeared to be more 
active than m D.AB, and .A.AB was also some- 
what active. It is of interest that in the rat. 

• Miller. .1. anil Baumann, ('. .\.. I'ann-r Rr*.. 
UM.-,. 


tumors due to azo dyes are seldom found out- 
side the liver'' while in the roach, nodules or 
vesicles appeared only in the pro.ximal region 
of the Alalpighian tubules, Whether the>« 
latter lesions are tumors L« doubtful ; certainly 
no proof of autonomous growth is at hand. 

-An indication of the probable mechanism 
by which the lesions are formed was obtained 
by consecutive examination of serial sections 

»• Rn^cb. II. I>., Baumann. C. .Milltr, .1. 
and Kline. B. E.. .I.A.J.S. 1.',,. Conf. „t. r.i’ncr, 
Cf.7, 
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of affected tissues. ' Apparently the azo dyes 
are absorbed from the gut into the hemolymph 
and are then taken up by the Malpighian 
tubules. If the tubules cannot excrete the 
dyes or their degradation , products into the 
hind-gut, as is ordinarily done ivitH other ex- 
cretory substances,'-’ the dyes or their de- 
rivatives will accumulate in the proximal 
portion of the tubules. Occlusion of the open 
ends of the tubules could lead to their swelling 
into vesicles (Fig. 2) as the absorption of fluid 
by the tubules continues. If the ends remain 
-open, but the dyes stay within the tubules, 
local effects of the dye could cause the tubules 
to degenerate, become sticky and adhere to 
adjacent tubules.. Hemocytes then accumu- 
late around the affected areas to form nodules 
(Fig. 2 and 3). Wigglesworth^" cites similar 
cases in which the hemocytes of insects en- 

!• Wigglcswortli, V. B., Insect Pliysiology, Lon- 
don, 1942, 310. 

10 tVigglcswortli, V. B., Insect Physiology, Lon- 
don, 1942, 230. 


capsulated internal parasites, or walled off 
areas of infection or irritation. An alterna- 
tive e.xplanation of nodule formation would be 
that the nodules are tumors which were formed 
by the action of the azo dyes upon the Mal- 
pighian tubules. However, there appears to 
be no evidence at present which would lend 
support to this view. 

S7H>!mary. The azo dyes ^-dimethylamino- 
azobfenzene (DAB), m'-methyl-^-dimethyl- 
aminoazobenzene (m'DAB) and aminoazoben- 
zene (AAB) were fed to the roach Blattella 
gcnnaiiica (L) at varying levels in both crude 
and synthetic diets. A dietary level of 0.2fo 
of the dyes had little or no effect upon growth 
rate, survival or reproduction of the insects. 
However, characteristic lesions at the pro.xi- 
mal ends of the Malpighian tubules occurred 
in roaches fed the dyes. DAB was the most 
active, m'DAB was next, and AAB was least 
active of the compounds fed. 

Beceivcd June 1, 1949. P.S.E.B.Jr., 1949, 7L 


17194. Relation of Pantothenic Acid to White Blood Cell Response of Rats 
Following Stress.* 


Mary E. Dumm, Paul Ovando, Paul Roth, and Elaine P. Ralli. 

From the Layoratories of Department of Medicine, Feto York University College of Medicine. 


Recent work has emphasized the role of the 
adrenal cortex in controlling the number of 
lymphocytes in the circulating blood follow- 
ing various forms of stress. Corticosterone 
produced a lymphopenia when injected into 
either adrenalectomized or intact mice.^ The 
injection of the adrenocorticotropic hormone 
(ACTH) of the pituitary also produced a 
lymphopenia, provided the adrenals were 
present.’’-^ A deficiency of pantothenic acid 
causes lipid depletion and necrosis of the 
adrenal cortex."*-® Because of the importance 


* This reseaicii was .aided by ,a grant from the 
itional Vitamin Foundation. 

1 Dougherty, T. F., oml White, A., Endocrinol- 

2 Keinimrdt’ W. O., Aron, H., and Li, C H., 
IOC. Soc. ESP. Biol, and Med., 1944, o-, 19. 


of pantothenic acid to the physiological in- 
tegrity of the adrenal cortex and in view of 
the influence of the adrenal cortex on the num- 
ber of white blood cells, experiments have 
been done to determine the effect of diets ade- 
quate and deficient in pantothenic acid on the 
response of the white cells of rats subjected 
to stress. 

Experimental. Young male rats of the 
Long-Evans strain, bred in the laboratory^ 

a Morgan, A. F., and Simms, II. D., Science, 
1939, 80, 5C3. 

■* D.aft, F. S., and Scbrell, W. 11., U. S. Fnlilic 
Health Jtepart.s, 1939, .H, 2247. 

.’-.Ralli, E. P., and Graef, L, Endocrinology, 
1943, »2, 1. 

0 Deane, H. W,, and McKibben, J. M., Endoc- 
rinologPr 1940, 88, 385. 
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TABLE I. 

Supplomc-nts Adfied to 100 g Basal Diet (225{j ^'lta^mn-free Casein. Clfc Sucrose, Primes, 
and 5% KaCl-free Salt Mixture). 



Diet 100 

Diet 1 

Diet 14 

Cod liver oil 

1.9 ml 

1.9 ml 

1.9 ml 

d, 1-otocoplicrol acetate 

145 mg 

.0 ” 

.0 ” 

Ttiiamine cliloride 

1.0 ” 

.3 mg 

.3 mg 

Pvridoxino chloride 

1.0 ” 

.3 ” 

.3 ” 

Nicotinic acid 

10 ” 

.0 ” 

.0 ” 

p-Aiiiinobenzoic acid 

30 ” 

.0 ” 

.0 ” 

Jliboflaviii 

2.0 


.9 ” 

Inositol 

5.0 ” 

.0 ” 

.0 ” 

Cliolinc chloride 

100 ” 

.0 ” 

.0 ” 

Biotin 

.05 ” 

.0 ” 

.0 ” 

PtcroyJglutamic acid 

.20 " 

.0 ” 

.0 ” 

C.alcium pantotlienate 

1.0 ” 

.0 ” 

43.0 ” 


were used. They were fed one of the 3 diets 
whose composition is shown in Table I. Diet 
1, the pantothenate deficient diet, and Diet 
14, the high pantothenate diet, have been 
used in previous e-Nperiments reported from 
this laboratory.''’*’® Diet 100 is a modification 
of a diet used by Emerson.® The rats con- 
sumed 10-15 g of Diels 14 and 100, and 6-10 
g of Diet 1 daily. 

Experiment 1. The response to stress of 
normal rats on a complete diet containing an 
adequate'" but minimal quantity of calcium 
pantothenate was studied. Rats SO days of 
age were placed on Diet 100 ad lib. and 1% 
XaCl as drinking water for 2 weeks. At the 
end of this time they were subjected to swim- 
ming in large stone crocks filled up to 4 inches 
of the top with tap water at 2S”C. The rats 
were obliged to smm for 25 minutes. Just 
before swimming and at 2. 4, and 6 hours 
afterwards, tail blood was taken for total leu- 
cocyte counts and for blood smears. The 
total leucocytes were counted in the usual 
manner; estimation of the per cent lympho- 
cytes was based on differential counts of at 
least 200 cells. The white blood cell response 
was studied in rats fasted for 17 hours before 
swimming and in rats allowed food up to the 
lime of .swimming. .All animals were provided 
with food after swimming. 

~ Italli. K. P.. J^Tiilnrrinotoriy, mi, gg.S. 

'•Dumm. M. E.. .an<l lialli. E. P.. Endorrinolonv, 
ii't.s, 4.1, es.i. 

'• Lmcrsni!. 0., jurson.-il rtimmunic.ntion. JP4S, 

U'fimn. K.. .-md Kicbardf. G. V.. J. Xutritior., 

1 P 42 , un, r.t,-.. 


Experiment 2. !Male rats 30 da}’s of age 
were placed on the pantothenate deficient diet 
(Diet 1) and were given 1^ NaCl as drink- 
ing water. After 25-30 days on the deficient 
diet, the animals were swum under the same 
conditions as the rats in Experiment 1 and 
the response of the white blood cells was 
followed. 

Experiment 3. After 30 days on the de- 
ficient diet the rats were transferred to Diet 
14, M-hich provided them with about 4 mg 
of calcium pantothenate daily. After 4-12 
daj’S on this diet the stress e.xperiments were 
repeated and the response of the white blood 
cells obsen’ed. 

Experiment 4. Xormal rats on Diet 100 
and pantothenate deficient rats on Diet 1 
were given 4 mg .ACTH* per 100 g body 
weight intraperitoneally. Immediately be- 
fore the injection of ACTH and at I, 2, 3, 4^ 
6 and S hours afterward the total leucocytes 
and percentage leucocj’tes were determined as 
before. The animals were not fasted for this 
e.\periment. 

Results. The response of the white blood 
cells following swimming or ACTH in the rats 
on the various diets is shown graphically in 
Fig. 1 . The figures on the left summarize 
c.vpcriments in which food was allowed up to 
the time of stress, and on the right the re- 
sponse following a period of fasting is shown. 
Each point represents the average of counts 
on 12-21 rats. 

1 Ti,e ACTH ufj-d in these i^r<rrim7nts’ivas sun- 
phed by the courtesy of Dr. John .Mote of .\nno7 
and Company. 
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of affected tissues. Apparently the azo dyes 
are absorbed from the gut into the hemolymph 
and are then taken up by the Malpighian 
tubules. If the tubules cannot excrete the 
dyes or their .degradation , products into the 
hind-gut, as is ordinarily done with other ex- 
cretory substances,® the dyes or their de- 
rivatives will accumulate in the proximal 
portion of the tubules. Occlusion of the open 
ends of the tubules could lead to their swelling 
into vesicles (Fig. 2) as theabso^tion of fluid 
hy the tubules continues. If the ends remain 
open, but the dyes stay within the tubules, 
local effects of the dye could cause the tubules 
to degenerate, become sticky and adhere to 
adjacent tubules.. Hemocytes then accumu- 
late around the affected areas to form nodules 
(Fig. 2 and 3). Wigglesworth^" cites similar 
cases in which the hemocytes of insects en- 

9 WigglesworHi, V. B., Insect Physiology, Lon- 
don, 1942, 310. 

10 Wigglesworth, V. B., Insect Pliysiology, Lon- 
don, 1942, 236. 


capsulated internal parasites, or walled off 
areas of infection or irritation. An alterna- 
tive e.xplanation of nodule formation would be 
that the nodules are tumors which were formed 
by the action of the azo dyes upon the Mal- 
pighian tubules. However, there appears to 
be no evidence at present which would lend 
support to this view. 

Stmmary. The azo dyes />-dimethylamino- 
azobfenzene (DAB), m'-methyl~^-dimethyl- 
aminoazobenzene (m'DAB) and aminoazoben- 
zene (AAB) were fed to the roach Blattella 
gcrmonica (L) at varying levels in both crude 
and synthetic diets. A dietary level of 0.2% 
of the dyes had little or no effect upon growth 
rate, survival or reproduction of the insects. 
However, characteristic lesions at the pro.xi- 
mal ends of the Malpighian tubules occurred 
in roaches fed the dj'^es. DAB w^as the most 
active, m'DAB was next, and AAB was least 
active of the compounds fed. 

Received June 1, 1949. P.S.E.B.M., 1949, 71. 


17194. Relation of Pantothenic Acid to White Blood Cell Response of Rats 
Following Stress.* 


Marv E. Dumm, Paul Ovando, Paul Roth, and Elaine P. Ralli. 

From the Laboratories of Department of Medicine, Few Torh Dniversitp College of Medicine. 


Recent work has emphasized the role of the 
adrenal cortex in controlling the number of 
lymphocytes in the circulating blood follow- 
ing various forms of stress. Corticosterone 
produced a lymphopenia when injected into 
either adrenalectomized or intact mice.^ The 
injection of the adrenocorticotropic hormone 
(ACTH) of the pituitary also produced a 
lymphopenia, provided the adrenals were 
present.^'® A deficiency of pantothenic acid 
causes lipid depletion and necrosis of the 
adrenal cortex.®-® Because of the importance 


* This researcli was aided by a grant from the 
Htional Vitamin Foundation. 

"l Dougherty, T. F., and White, A., Endoerinol- 

gy', 1944, 33, !• j t • c tt 

2 Eeinhardt, W. 0., ^ron H., and L,_, C H., 
•boc. Soc. Exp. Biol, and Med., 1944, S., 19. 


of pantothenic acid to the physiological in- 
tegrity of the adrenal cortex and in view of 
the influence of the adrenal cortex on the num- 
ber of white blood cells, e.xperiments have 
been done to determine the effect of diets ade- 
quate and deficient in pantothenic acid on the 
response of the white cells of rats subjected 
to stress. 

Experimental. Young male rats of the 
Long-Evans strain, bred in the laboratory', 

3 Morgan, A. F., and Simms, H. D., Science, 
1939, 80, 565. 

4 Daft, F. S., and Sebrell, W. H., U. S. Public 
Eealth Pcpnrts. 1939, 54, 2247. 

.'Balli, E. P., and Graef, I., Endocrinology, 
1943, .33, 1. 

0 Deane, II. W., and McKibben, J. M., Endoc- 
rinology, 1946, 38, 385. 
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TABLE 1. ^ . 

Supplements Added to 100 g Basal Diet (22% IDtamin-free Casein, 61% Sucrose, 9% Primes, 
^ ‘ and 5% NnCl-frca Salt Mixture). — — — — 


Diet 100 


Diet 1 


Diet 14 


Cod liver oil 
d, 1-atocoplicrol acetate 
Thiamine chloride 
Pvridoxine chloride 
Nicotinic acid 
p-Aininobcnzoic acid 
Siboflavin 
Inositol 

Choline chloride 
Biotin 

Pteroylglutamic acid 
Calcium pantothenate 


1.9 ml 
145 mg 
1.0 ” 
1.0 ” 
10 ” 
30 ” 

2.0 ” 

5.0 ” 
100 ” 

.05 ” 
.20 ” 

1.0 ” 


1.9 ml 
.0 ” 
.3 mg 
.3 ” 
.0 ” 
.0 ” 
.9 ” 
.0 ” 
.0 ” 
.0 ” 
.0 ” 
.0 ” 


1.9 ml 
.0 ” 
.3 mg 
.3 ” 
.0 ” 
.0 ” 
.9 ” 
.0 ” 
.0 ” 
.0 ” 
.0 ” 
43.Q 


■were used. They were fed one of the 3 diets 
whose composition is shown in Table I. Diet 
1, the pantothenate deficient diet, and Diet 
14, the high pantothenate diet, have been 
used in previous e.xperiments reported from 
this laboratory Diet 100 is a modification 
of a diet used by Emerson.® The rats con- 
sumed 10-15 g of Diets 14 and 100, and 6-10 
g of Diet 1 daily. 

Experiment 1. The response to stress of 
normal rats on a complete diet containing an 
adequate'® but minimal quantity of calcium 
pantothenate was studied. Rats 80 days of 
age were placed on Diet 100 ad lib. and 1% 
NaCl as drinking water for 2 weeks. At the 
end of this time they were subjected to swim- 
ming in large stone crocks filled up to 4 inches 
of the top with tap water at 2S'’C. The rats 
were obliged to swim for 25 minutes. Just 
before swimming and at 2, 4, and 6 hours 
afterwards, tail blood was taken for total leu- 
cocyte counts and for blood smears. The 
total leucocytes were counted in the usual 
manner; estimation of the per cent lympho- 
cytes was based on differential counts of at 
least 200 cells. The white blood cell response 
was studied in rats fasted for 17 hours before 
swimming and in rats allowed food up to the 
time of swimming. All animals w’ere provided 
with food after swimming. 

~ Haiti, E. P., Endocrinology, 1946, 39, 225. 

s Dumm, SI. E., and Haiti, E. P., Endocrinology, 
194S, 43, 283. 

9 Emerson, G., personal communication, 1948. 

toPnna, K., and Hieliards, G. V., J. Nutrition, 
1942, 25, 545. 


Experiment 2. Male rats 30 da 3 ^s of age 
were placed on the pantothenate deficient diet 
(Diet 1) and were given 1% NaCl as drink- 
ing water. After 25-30 days on the deficient 
diet, the animals were swmm under the same 
conditions as the rats in Experiment 1 and 
the response of the white blood cells w'as 
followed. 

Experiment 3. After 30 days on the de- 
ficient diet the rats were transferred to Diet 
14, which provided them with about 4 mg 
of calcium pantothenate daily. After 4-12 
days on this diet the stress e.xperinients were 
repeated and the response of the white blood 
cells observed. 

Experiment 4. Normal rats on Diet 100 
and pantothenate deficient rats on Diet 1 
were given 4 mg ACTHf per 100 g body 
weight intraperitoneally. Immediatelj' be- 
fore the injection of ACTH and at 1, 2, 3, 4^ 
6 and 8 hours afterward the total leucocytes 
and percentage leucocytes were determined as 
before. The animals w'ere not fasted for this 
e.xperiment. 

Results. The response of the w'hite blood 
cells follovving swimming or ACTH in the rats 
on the various diets is shown graphicalh' in 
Fig. 1. The figures on the left summarize 
experiments in w’hich food was allow^ed up to 
the time of stress, and on the right the re- 
sponse following a period of fasting is shown. 
Each point represents the average of counts 
on 12-21 rats. 

t The ACTH used 'u these experiments was sup- 
plied by the courtesy of Dr. John Mote of Armour 
and Company. 
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NON-FASTINC FASTING 

Fig. 1. 

Effects of stress on response of white blood cells in rats on diets 
deficient in and supplemented with pantothenic acid. 


The results of the experiments on normal 
rats maintained on Diet 100 are shown in 
Figure 1, A and B. This diet provided about 
0.1 mg of calcium pantothenate daily. The 
experiments illustrate the marked lympho- 
penia which is known to occur when normal 
rats are subjected to stress.^ The lympho- 
cyte response was the same after swimming as 
after the injection of ACTH. Two hours after 
swimming or ACTH the lymphocyte counts 
had decreased to about half the initial values. 
After 6 hours the number of cells had re- 
turned to their initial values. The total 
leucocytes also decreased following swim- 
ming, but increased to about twice their 
initial value following ACTH. The results 
of the ’swimming experiment with fast^ nor- 
mal rats (Fig. 1, B) were similar to tlicise in 


fed rats, although the initial counts were 
slightly lower. 

The results in the pantothenic deficient 
rats are shown in Fig. 1, C and D. The total 
number of white blood cells and lympho- 
cytes was lower in these rats than in the rats 
on the adequate diet. Both swimming and 
the injection of ACTH were followed in these 
animals by a small, but probably significant 
(p < .05), decrease in lymphocj'tes after 2 
hours. The lymphocyte response was more 
pronounced after ACTH than after swimming. 
After ACTH the total number of white blood 
cells increased to about twice their original 
level but there was no significant change in 
the total number of white blood cells after 
swimming in the fed animals and only a 
small increase in the fasted rats. 
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Discussion. The data presented show that 
pantothenic acid can modify the response of 
the white blood cells in rats subjected either 
to a natural form of stress or to ACTH. In 
rats on normal diets both swimming and 
ACTH were followed by a significant decrease 
in the number of lymphocytes, occurring 
within 2 hours. In rats that had been fed a 
diet deficient in pantothenic acid for 3-4 weeks 
the lymphopenia following stress was largely 
abolished. Lipid depletion of the fascicular 
and reticular zones of the adrenal corte-x has 
been reported after a period of pantothenic 
acid deficiency^'® and these are the zones 
probably responsible for the secretion of the 
corticosterone-like substances.” Dougherty 
and White' have shown that the injection of 
corticosterone in mice will produce lympho- 
penia. It may well be that the lipid depletion 
of the adrenal corte.v produced by pantothenic 
acid deficiency was responsible for the de- 
creased Ij-mphocyte response to stress in the 
rats. 

The addition of very large doses of calcium 
pantothenate to the diet of deficient rats re- 
stored the white blood cell response to stress. 
The nature of the response under these con- 
ditions was not that of the normal rat. The 
lymphopenia was delayed until the 4th hour 
after stress and was preceded by an increase 
in the h-mphocytes at the 2nd hour. This 
occurred in both the fasted and non-fasted 
rats. 

While general malnutrition is associated 
with adrenal cortical changes, it seems un- 

II Deane, H. W., and Creep, R. 0., Am. J. Altai.. 
194G, 70, 117. 


likely that this was an important factor in 
the results presented here. Deane ct c/.®''- 
have reported that neither pyridoxine nor 
riboflavin deficiency produced lipid depletion 
in the adrenal cortex of the rat and that inani- 
tion alone did not e.xhaust the adrenal as rap- 
idW as a deficiency in either pantothenic acid 
or thiamine. 

The decrease in the response of the "white 
blood cells to stress in the animals on diets de- 
ficient in pantothenic acid is consistent with 
the changes in the adrenal cortex associated 
with the deficiencj' and is further evidence 
that pantothenic acid plays an important 
role in maintaining adrenal cortical function. 

Summary. The responses of white blood 
cells and lymphocytes following swimming 
and following ACTH were compared in rats 
on a complete diet, in rats on a pantothenic 
acid deficient diet, and following swimming 
only in rats recovering from a period of panto- 
thenic acid deficiency. .\ tj^^ical lympho- 
penia occurred 2 hours after either swimming 
or .ACTH in rats on the complete diet. This 
response was partially abolished following 
either srvimming or ACTH in the rats on the 
pantothenate deficient diet. In rats recover- 
ing from pantothenate deficiency, there was an 
increase in lymphocytes 2 hours after swim- 
ming followed by a decrease at 4 hours. These 
results are interpreted as a reflection of the 
changes in the adrenal cortex induced by 
pantothenic acid deficiency. 

1- Deane, H. tV., and Shaw, J. H., J. Xutritiou, 
1947, 34, 1. 


Reeeived June 3, 1949. P.S.E.B.it., 1949, 71. 
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17195, An Improved Method for the Microbiological Assay of Growth Fac- 
tors on Paper Chromatograms.* 


Harold Yacowitz, L; C. Norris, and G. F. Heuser. . 

From the Agricultnral Experiment Station and School of Xvtrition, Cornell Vniversity, 

Ithaca, N. F. 


The use of paper partition chromatography 
in the separation of microbial gronlh factors 
has recentty been reported by IVinsten and 
Eigen^'- and Cuthbertson and Smith.^ These 
workers placed the developed chromatogram 
strips on nutrient agar seeded with the test 
organism. After incubation, zones of growth 
of the organism were noted along the site of 
each strip, indicating the presence of various 
growth factors. The relative concentration of 
these factors was estimated by the size of 
the zones. 

The method of Winsten and Eigen^ has 
been modified so that the chromatogram may 
be assayed both qualitatively and quantita- 
tively for microbial growth factors using an 
improved technic. The improved method in- 
volves a direct test-tube, microbiological assay 
of the developed chromatogram rather than 
the more tedious agar plate procedure. A 
description of the improved method, as used 

* Tills work was undertaken in cooperation with 
the Office of Naval Besearch, Navv Department, 
Washington, D.C., and was aided by grants from 
the Nutrition Foundation, New York City, the 
Cerophyl Laboratories, Kansas City, Mo.; Coin- 
niereial Solvents Corporation, New York City; the 
Cooperative G.L.P. Exchange, Ithaca, N. Y., and 
the Western Condensing Co., San Francisco. The 
technical assistance of Betty F. Brown and Diana 
M. Cameron is acknowledged. 

1 Winsten, W. A., and Eigen, E., Proc. Soc. 
Esp. Bioi,. AND Med., 1948, <57, 513. 

2 Winsten, W. A., and Eigen, E., J. Biol. Chew., 
1949, 177, 989. 

3 Cuthbertson, W. F. J., and Smith, E. Lester, 
Biochem. J., 1949, 44, No. 2 (Proc. Biochem. Soc., 

v)- 

f The crystalline Wtamin Bjo used in this 'work 
was kindly supplied by Pr. E. Lester Smith of 
Glaxo Laboratories, England, and the thymidine 
by Br. William Shive of the Tlnirersity of Texas. 
The injectable liver extract was Lilly's extract 
containing 15 IT.S.P. units per ml. 


in the microbiological assay of paper chroma- 
tograms on which crystalline vitamin Bjo,1 
th3'midine,f and injectable liver extract^ 
were placed, is given in this report. Lacto- 
baciUus hlchmannn (ATCC 4797) was used 
as the assay organism. 

According to Shive, Ravel and Harding,^ 
vitamin Bjs and thymidine are interchange- 
able growth factors for L. leichnanm (ATCC 
4797). Shive, Eakin, Harding, Ravel and 
Sutherland^ have reported that thymidine may 
be present in amounts as high as 1% in some 
experimental injectable liver e.xtracts. The 
presence of thymidine, therefore, may produce 
erroneous results in assaying liver prepara- 
tions and other materials for vitamin Bio. 
By applying the procedure described in this 
paper, thjmiidine interference may be avoided. 

Method. WThatman No. 1 filter paper (46 
cm X 57 cm) was used in a chromatogram 
chamber similar to that described Consden, 
Gordon and Martin.® A line was draum across 
the paper 10 cm from the top edge. Along 
this line were placed small dots 3 cm apart. 
A knOMm volume of the solution to be tested 
was placed on each dot with a mkroUter 
pipette using graded levels of from 1 to 10 
microliters. In general each level was placed 
on from 2 to 4 dots. Evidence that the results 
could be duplicated was obtained by this 
means. 

In no case was the spot of liquid allowed to 
spread more than 1 cm in diameter. Spread- 
ing was prevented by applying the liquid to 
the paper in portions of 3 microliters or less 
and allowing the liquid to eraporate between 

J Shive, W., E.-IVC1, J. M., .and Harding, W. M., 

J. Biol. Ghent., 1948, 176, 991. 

R Shive, W., Eakin, H. E., Harding, W. M., 
Havel, J. M., and Sutlierland, J. E., J. Amcr. 
Chem. Soc., 1948, 70, 2299. 

c Consden, E., Gordon, A. H., and Martin, A. 

J. P., Biochem. J., 1944, 38, 224. 
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TABI^ I. 


BcsuUs of Assay of Paper Chromatograms Containing Injectable Liver Extract, Vitamin 

and Thymidine. ~ 


Subst.'ince ass-nyed 

Awt. placed 
on paper 

Location of 
growth by 
numl)er of 

2 cm section 

Distance 
to solvent 
front in cm 

Recovery 
in growtl) 
zone in % 

Crystalline vitamin Bjj 

0.1 m7 

1 

44.5 

98.3 

0.2 ” 

1 

37.0 

104.4 


0.3 ” 

1 

42.5 

9S.S 

Liver extract, 13 units/ni! 

0.00015 unit 

1 

44.2 

106.7 

0.0003 ” 

1 

43.5 

100.9 


0.0015 ” 

1 

37.0 

100.0 


0.0030 ” 

1 

37.0 

100.0 

Thvmidine 

0.5 y 

4-7 

35.4 

* 


1.0 y 

4r-S 

35.4 

— 


l.iy 

4-S 

35.4 

— 


2.1 7 

4-S 

34.8 

— 

Vitamin Bi-> 

0.3 m7 

1 

43.4 

100.0 

+ thymidine 

0.27 



“ 

Liver extract 

0.00015 unit 

1 

35.4 

103.3 

•+• thyniidino 

0.5 •y 

4-7 



lAver extract 

0.0045 unit 

1 

35.4 

96.0 

-f thymidine 

1.47 

3-S 


* Determination vras omitted because sufSeient thymidine vras not available to prepare 
standard curves. 


applications. An electric fan facilitated rapid 
evaporation. The spots were air dried and the 
paper ivas then placed in the chromatogram 
chamber with the upper edge immersed in 
the solvent trough. 

The solvent used was n-butyl alcohol sat- 
urated with water. This was placed in the 
trough and also in each of two beakers at the 
bottom of the chamber to insure complete 
saturation of the chamber with the solvent 
vapors. The chromatographic procedure was 
carried out at room temperature. After 24 
hours, or when the solvent had advanced ap- 
proximately 40 cm, the paper was removed 
and suspended in a hood in front of a fan 
until all traces of solvent had disappeared. 

The paper was then cut lengthwise in strips 
3 cm wide so that each strip contained the 
material from one spot. These strips were 
then cut crosswise into sections 2 cm wide. 
The small sections of filter paper were each 
placed in test tubes, 10 ml of a newty de- 
veloped medium' added and the tubes steamed 

‘ Peeler, H. T., Tacoivitz, Harold, and Xorris, 
L. C., unpuldislied results. 


15 minutes. This was followed by inocula- 
tion with Z. kfchmanmi (ATCC 4797) using 
a drop inoculator. Drop inoculation was found 
necessary since loop inoculation resulted in 
fraying of the filter paper which caused in- 
creased turbidity. After 16 hours incubation, 
growth was measured turbidimetrically in a 
Coleman Spectrophotometer set at 650 milli- 
microns. 

When cariying out quantitative assays, the 
values for the standard curv'es were obtained 
by placing graded amounts of the standard 
solution of crystalline vitamin B 12 on 2 x 3 cm 
sections of dried, butanol-treated filter paper 
using a microliter pipette and assamng these 
along with the developed chromatogram. 

The presence of filter paper had no signifi- 
cant effect upon the growth of the organism. 
Pieces of filter paper ranging in size from 
1 X 3 cm to 6 X 3 cm were tested and no ap- 
preciable differences in growth noted. 

Results and Discussion. In Table I are 
given some typical results using the improved 
procedure in the assay of chromatograms for 
vitamin Bij and thymidine. The method was 
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found to be sensitive to O.I millimicrograms 
of vitamin B 12 present in the developed 
chromatogram. No measureable destruction 
of vitamin Bjo was noted in the chromato- 
graphic procedure. 

In the assay of the liver extract and crys- 
talline vitamin B 12 all the growth was con- 
fined to the first 2 cm section of the chroma- 
tograms. The remaining sections of the 
chromatogram failed to promote any growth 
response, indicating that the liver extract 
used in our experiments contained little, or no, 
thymidine or other growth factors. Inter- 
ference from thymidine, therefore, did not 
occur when assaying the liver extract at a 
level of 0,0045 unit, or less, per tube. 

In preliminary work it is necessary to assay 
each cross sectional piece of filter paper in 
the entire length of the chromatogram. Once 
the range of Rjf values of any substance has 
been accurately determined, it is only neces- 
sary to test the section known to contain that 
particular substance. For example, after 
separating thymidine from vitamin B 12 , only 
the first 2 cm section of the chromatogram 
•needs to be tested to obtain the vitamin Bjo 
content of the substance being assayed. 

, The Rf value of vitamin B 12 was found to 

}Rf (rate of flow) = 

Distance from starting line to center of groivtli zone 
Distance from starting line to solvent front 


be less than 0.04 while the large thymidine 
zone had an average Rf value of 0.33 and 
varied between 0.31 and 0.37. This thymi- 
dine Rf value differs from that reported b)' 
Hotchkiss® who obtained an Rf value of 0.51 
using the same solvent hut in the presence of 
gaseous ammonia. Winsten and Eigen- re- 
ported a double zone of growth for thymidine 
with the principal zone having an Rf value 
of 0.54 and a minor zone with an Rf value 
of 0.41. These latter workers were not able 
to state unequivocally which of these zones 
was due to thymidine. 

The improved procedure has also been used 
successfully nuth the ascending solvent technic 
described by Williams and Kirby.” It appears 
applicable to the study of unidentified growth 
factors required by other microorganisms as 
well as £. Icichmannu (ATCC 4797) and in 
the study of growth inhibitors and antibiotics. 

Summary. A simple, quantitative method 
for the microbiological assay of filter paper 
chromatograms has been described. Some 
possible applications have also been pointed 
out. 

a Hotclikiss, R. D., J. Bint. Chem., 1948, 175, 
315. 

9 Williams, E. J., ami Kirby, II., Soirnee, lOiS, 
107, 481. 

Received June G, 1949. P.S.E.B.M., 1949, 71. 


17196. Duodenal Ulcers Produced on a Diet Deficient in Pantothenic Acid." 

Benjamin N. Berg, Theodore F. Zucker, and Lois M. Zucker. 

From the Departvient of Pattiology, College of Physicians and Surgeons, Columbia Vntvcr.'oly, 

Few YorTc City. 


It is well known that various nutritional 
essentials are concerned with the maintenance 
of normal epithelial tissue. As part of a 
program concerning nutritional deficiencies 
and gastrointestinal epithelium, we have re- 
ported the finding of marked antral gastritis on 

~^Tliis investigation was supportwl by .a research 
grant from the Dirision of Rcsearcli Gr.nnt.s .and 
Fellowships of the X.ational Institutc.s of Health, 
U. S. Public Health Service. 


calcium deficient diets.* Similar, less marked 
and less constant lesions were also reported 
on thiamine deficiency. Under various con- 
ditions of inanition the fundic mucosa will 
shoiv rather typical areas of hemorrhage.” Pre- 
viously, many papers have appeared on the 

I ZucJccTTtTiV, Berg, B. X., and Zucker, B. JL, 
.r. yulritinn, 194.5, 30, .301. 

a Zucker, T. F., Berg, B. X., and Zucker, B. M., 
J. Xiilrition, 194.5, 30, ,319. 



Pantothenic Acid in Duodenal Ulcers 


375 


involvement of nutritional deficiencies in the 
production of hyperplasia of the forestomach 
epithelium of rats.^ In none of these cases, 
even when modifications were introduced to 
accentuate the process, have penetrating le- 
sions been obsen^ed which could in the narrow- 
er sense of the word be designated as ulcers or 
which resembled typical ulcers as they occur 
spontaneously in man. 

Further obsen'ations have shown that on a 
diet deficient in pantothenic acid penetrating 
ulcers are produced in rats. The diet con- 
tained all the known nutritional factors neces- 
sary for growth e.xcept pantothenic acid, and 
had the following composition per 100 g of 
diet: vitamin “free” casein (Labco) 18.0; 
cerelose 71.9; salt mixture 6.1 (Ca 1.0, P 
0.55); cottonseed oil 2.0; cellnfiour 2.0. In- 
corporated in the oil were 10 mg alpha toco- 
pherol and 1500 international units of vitamin 
A as carotene. The celluflour carried: thia- 
mine HCl and pyridoxine HCl 1 mg each; 
riboflavin 2 mg; niacin 4 mg and 2-methyl- 
naphthoquinone 0.5 mg. 

Out of a larger group covering various age 
ranges, 45 animals have been autopsied: 23 
older rats with an initial age averaging 394 
(271-620) days and 22 younger rats starting 
at 42 to 105 days. The average experimental 
time for the older animals was 100 (67-140) 
days and (or the younger ones 125 (87-185) 
days. .'Is a rule the animals were autopsied 
when they showed severe weakness or an 
abrupt loss in weight. 

Typical signs of pantothenic acid deficiency 
consisting of porphyrin deposit on the hair, 
degeneration, necrosis and hemorrhage in the 
adrenal cortex and fatty infiltration of the 
liver appeared in varjnng degree in all of the 
rats. Characteristic new' findings were atrophy 
of the duodenal mucosa w’hich was present 
in every animal, and duodenal ulcers which 
were encountered in 60% of the rats. The rest 
of the gastrointestinal tract w’as unaffected. 
Se\'eral hundred normal control rats and 
animals kept on diets deficient in other B 
factors failed to show similar changes in the 
duodenum. 

.^reas of atrophj* appeared as smooth de- 

3 Berg, B. X., A in. ,1. Path ., 1942, 18, 49. 
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Fig. 1. 

Large ]ierfornted dutidenal ulcer. Base formed 
liy eoiiiicetive tissue and adliercnt pancreas. Also 
sliowii, are areas of mucosal atrtqiliy. 


pressions of various shapes and sizes. Some- 
times the greater part of the surface was in- 
volved except for a few remaining islands of 
intact mucosa. Microscopically, villi were 
absent and were replaced by a flat layer of 
low cuboidal or squamous-like epithelium. 
Lesser degrees of atrophy w'ere also noted. 
Here the villi were shortened or resembled 
simple tubular glands. 

Ulcers have thus far been seen chiefly in 
atrophic mucosa. They occurred in 17 older 
rats and in 10 younger ones; in 17 instances 
multiple ulcers were present. Grossly and 
microscopically the lesions corresponded to the 
so-called acute and chronic ulcers of humans. 
Acute lesions extending for a variable distance 
through the different layers of the duodenal 
wall W'ere found in all of the 27 animals. In 
6 rats (5 belonging to the older group) co- 
e.xisting large perforated defects sealed by 
dense connective tissue and adherent pancreas 
were also observed. (Fig. 1). .A. fibrino- 

purulent peritonitis due to perforation was en- 



376 


EMC Antibody in Wild Rats 


countered twice. Hemorrhage from eroded 
vessels in the fibrous base of ulcers was the 
cause of death in 2 animals. 

In swine, Wintrobe and associates have de- 
scribed atrophy and ulcers in the colon."* 
They also reviewed signs of pantothenic acid 
deficiency in other species. No duodenal 
lesions occurred among their reported findings. 

Whether the experimentally produced ulcers 
will acquire significance for the study of 
human ulcers remains to be seen. The pos- 
sibility that the latter condition is caused 
directly by dietary pantothenic acid deficiency 
is remote considering the e.xceedingly ivide dis- 
tribution of this factor. To base a working 
hypothesis on these observations it would be 

4 Wintrobe, M. M., Follis, R. H., Jr., Alcayaga, 
R., Paulson, jVT., and Humpiireys, S., BuU. Johns 
JBopTcins Bosp., 1943, 73, 313. 


necessary to adduce evidence for abnormal 
paths of pantothenic acid metabolism. In 
rats, for instance, with adequate pantothenic 
acid in the diet but with prevention of in- 
testinal synthesis of folic acid and biotin, a 
pantothenic acid deficiency in the tissues 
develops." It is relieved by feeding folic acid 
and biotin. Orienting stui'es are under way 
to test out possibilities of pantothenic acid be- 
ing involved in the human duodenal ulcer. In 
the meantime, however, the findings herein 
reported should be of value in elucidating the 
various steps of the pathological process which 
go into the formation of a duodenal ulcer, par- 
ticularly the early stages which are seldom 
seen in human material. 

s Wright, L. D., and Welch, A. D., Science, 1943, 
07, 426. 
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17197. Neutralizing Antibody Against Viruses of the Encephalomyocarditis 
Group in the Sera of Wild Rats. 


Joel Warren, Sudie B. Russ, and Helen Jeffries. 

From the Department of Virus and Ficheitsial Diseases, Army Medical Department Fesearcli 
and Graduate School, Washington, D.G. 


The encephalomyocarditis (EMC),* hlM,- 
Columbia-SK® and Mengo encephalomyelitis* 
viruses have been shown recently to be im- 
munologically indistinguishable,"-® hence, they 
are apparently strains of the same agent. The 
viruses of the EMC family are now known to 
have a worJd-"wide distribution, occurring in 
North America,*-® the Philippines,* and 

1 Hehvig, P. C., aud Schmidt, E. C. H., Science, 
1945, 103, 31. 

sjuiigeblut, C. W., and Palldorf, G., Am. J. 
Piih. Beatth, 1943, 33, 169. 

sjungeblut, C. W., and Sanders, M., J. Exp. 
Med., 1940, 73, 407. 

4 Dick, G. W. A., Best, A. M., Haddow, A. J., 
and Sniithburn, K. C., Lancet, 194S, 3, 286. 

5 Warren, J., Smadel, J. E., and Russ, S. B., 
J. Immunol., 1949, in press. 

« Dick, G. W. A., J. Immunol., 1949, in press. 

r Smadel, J. E., and W.-irren, J., J- Clin. Invest., 
1947, 26, 1197. 


Africa,* but the natural history of the disease 
and sources of human infection are still 
obscure. 

On at least two occasions viruses of the 
EMC group have been demonstrated to be 
pathogenic for man. Neutralizing antibodies 
against EMC virus have been shown to appear 
in the convalescent sera of a group of 
American soldiers who contracted a mild fe- 
brile illness colloquial^ designated as "Three- 
Day Fever''" in Manila in 1945-46. In ad- 
dition, acute encephalomyelitis caused by 
Mengo virus occurred in a laboratory worker 
at Entebbe, Africa.^ 

We were led to consider the possibility^ that 
the wild rat might serve as a reservoir for 
viruses of the EMC type for a number of 
reasons: 

Mice, hamsters and cotton rats are highly 
susceptible and succumb to even small doses 
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TABLE I. 

Neutralizing Antibody Against EMC Virus in Sera of Wild Bats.* 


Besultl 


Loe.ilc 

No. tested 



Negative 

Positive 

\ 

Vc positive 

British Coiumbia 

2*^ 

oo 

fl 

0 

Californw 

100 

87 

13 

13.0 

Florida 

93 

84 

9 

9.7 

Georgia 

57 

51 

6 

10.5 

Louisiana 

9 

9 

0 

0 

Maryland 

43 

38 

5 

11.6 

Mich. (Detroit) 

11 

11 

0 

0 

Mississippi 

49 

G 

43 

87.0 

New Mexico 

0 

C 

0 

0 

North Carolina 

o 

o 

0 

0 

.South Carolina 

n 

21 

0 

0 

Texas 

23 

le 

7 

30.5 

Wash. (Seattle) 

0 

6 

0 

0 

• Practically all the wild rats 

were Haiius iiorrcgini.'! ; some 

from California were I?, atex- 


aiidrhiu.t, and all from South Carolina were cotton rats (Sif/modon hispidux). 

t Sera containing suflicient antibodv to protect against at least 100 minimal lethal doses of 
virus were considered positive, while those containing less than this amount were regarded as 
negative. 


of virus injected periplierally,"-"' 

In contrast, the albino rat undergoes only 
an inapparent infection following a massive 
inoculum although considerable virus persists 
in the central nervous s)'stem^’®'® and the 
circulation.** The susceptibility of wild rats 
has not been determined but it was thought 
that it might be similar to the albino species. 

One of the main foci of cases of IManila 
“Three-Da)' Fever” occurred in a camp located 
in a park which previously had been used bv 
Japanese troops as a garbage dump. Although 
not mentioned in the original report of the 
outbreak, one patient whom we were able to 
interview recalled that rats were very nu- 
merous and cases of rat bite were occurring 
in this area. 

Methods. The EMC, MM and Mengo 
viruses were maintained by intracerebral 
transfers in mice. The histories of the strains 
used in the present work were published in 
detail recently.** Rodent sera were collected 
in various regions of the country and shipped 
to this laboratory;* approximately half were 
refrigerated during transit. Neutralization 
tests were performed in 12-14 g albino Swiss 

s Powell, H. JI., Jamieson, W. A., and Culbert- 
son, C. G., Proc. Soc. Exp. Biol. ani> Mm, 1948, 
C8, 80. 

r'TYarren, J., and Russ, S. B., unpublislicd ex- 
periments. 


mice using equal quantities of fresh infected 
mouse brain (appropriately diluted in dis- 
tilled water) and undiluted serum. The 
virus-serum mixtures were incubated for 1 
hour at 37.5'C after which 0.1 ml amounts 
of each mixture were inoculated intraperi- 
toneally into each of 5 mice which were ob- 
served for 14 days. At the end of this time 
the neutralization index was calculated as the 
antilog of the difference of the LD S0% of 
the virus suspension in the control mixed wth 
distilled water and in the test proper mixed 
with rat serum. 

Experimental. Neutralization tests have 
been performed with sera from 442 unld rats 
(mainly Rattus norvegicus and R. alexaiidri- 
mis) collected in various regions of the 
United States and Canada. Eighty-three of 
these had demonstrable antibody against EMC 
virus, i.e., neutralized at least 100 M.L.D.’s 
of virus, and the majority of the positive 
sera possessed sufficient antibody to protect 
against 10,000 or more M.L.D.’s of virus. 

The findings summarized . in Table I show 

•This study was made possible through the 
generous cooperation of the following persons, 
who supplied ns with rodent sera: Doctors G, C. 
Brown, D. Coburn, D. Davis, M. Frobisher, Jr., 
F. A. Humphreys, J. T. Irons, A. S. Lazarus, 
E. H. Lennette, L. Llewellyn, A. Morris, J. 6. 
Hempel, V. E. Saurino, and M. Shaffer. 
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that the preponderance of sera examined came 
from rats caught in California, Florida, 
Georgia,' Maryland and Mississippi, and that 
the proportion of -positive sera among the rats 
from different regions varied considerably. 
For example, 43 of 49 specimens obtained 
from rural areas of Mississippi had antibody, 
whereas, only 6 of 57 from Georgia gave posi- 
tive results. Certain counties within a state 
provided a greater proportion of positive sera 
than others. Thus, 11 of 44 samples from 
Orange County in southern California neutral- 
ized the virus, whereas, only 2 of 48 from 
San Diego County did so. Nine of the 93 
sera examined from Florida gave positive re- 
sults and 5 of these were among the five sera 
obtained from the town of Dania. It may be 
noted that it was in this area that the virus 
of encephalomyocarditis was originally re- 
covered^ from a chimpanzee held captive on 
an animal farm, Georgia supplied 6 positive 
sera and S of these were from rodents trapped 
in Wayne County. It would appear from the 
present data that the incidence of antibody 
against EMC virus is highest in rats caught 
in certain southern regions of the United 
States. 

Twenty-two of the rat sera which were 
capable of neutralizing the EMC strain were 
also tested for their protective effect against 
the MM and Mengo strains. As was antici- 
pated from earlier work the sera neutralized 
all 3 viruses to about the same extent. 

EMC neutralization tests were performed 
on 69 sera obtained from various wild animals^ 
which were caught in the same areas of Cali- 
fornia and Maryland that had yielded positive 
rat sera. (Table II). These included speci- 
mens from 4 gophers, 15 opossums, 9 rabbits, 
18 squirrels, 2 chipmunks, 8 marmots, 2 
meadow mice, 2 raccoons, 3 skunks and 6 
domestic cats. None of these sera were capa- 
ble of neutralizing even small amounts of 

H. Lcn.iet.te, State 
Department of Public Ilenltb, Berkeley, Calif., 
and J. A. Morris, P.atuxent Research Refuge, 
Laurel, ^Id., for these sera. 


TABLE TI. 


Absence of Neutralizing Antibody Against EMC 
Virus in Sera of Rodents Other than the Rat. 


Location 

Species 

• Ko. 
tested 

No. 

j.ositivD 

Calif. 

Gopl.er 

4 

0 


Opossum 

13 

0 


R.ibbit 

5 

0 


Squirrel 
{C. Veecheyi) 

18 

0 

Md. 

Chipmunk 

2 

0 

(Patuxent) 

Miinnot 

8 

0 


Meadow mouse 


0 


Opossum 

O 

0 


Rabbit 

4 

0 


R.’iccoon 

O 

0 


Skunk 

3 

0 


Domestic cat 

G 

0 


virus, 7.C., SO M.L.D.’s. 

Discussion. The EMC group of viruses 
appear to be ubiquitous, being widely dis- 
tributed geographically and occurring in a 
number of host species. This should make 
one cautious in interpreting studies in which 
these viruses are apparently recovered from 
clinical material. Critical analysis of all the 
data is now required before one can assume 
that the agent found in passage animals bears 
an etiological relation to the disease in a given 
patient. Similarly, in view of present 
knowledge, “variant” strains encountered dur- 
ing serial transfer in animals such as the 
“high Lansing” mutant of poliomyelitis virus* 
should be thoroughly investigated for possible 
relation to the EhIC group. 

Summary. Sera from an appreciable num- 
ber of 442 wild rats trapped in several widely 
separated areas of the United States con- 
tained neutralizing antibodies against the 
EMC group of viruses. The incidence of posi- 
tive sera varied considerably in different geo- 
oraphic regions with the highest rate (87%) 
occurring in rats from the state of Mississippi. 

Similar serological studies on other species 
of small wild animals failed to provide evi- 
dence of the occurrence among them of natural 
infection with the EiMC viruses. 

1949. P.S.E.B.^r., 1949, 71. 
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17198. Relief from Pruritus Following upon Administration of Adenylic 
Acid. 


Antonio Rotting. (Introduced by H. G. Albaum.) 

From the Jlodgl-in’s Disensc JU'firarch Lahoratorij* Department of Medicine, St. Vincent's 

Dospitnl, Xeic York City. 


In December, 1948, muscle adenylic add 
was administered to a group of patients suf- 
fering from Hodgkin’s disease in the hope 
that it might possibly have a beneficial in- 
fluence upon their physical energy,^ depletion 
of which is one of the disabling effects of this 
disease. Though the experiment proved a 
failure in this respect, a totally unexpected 
and gratifying result ensued; the only two 
patients of the group who had pruritus report- 
ed that this had completely disappeared. In an 
effort to establish whether or not this was mere 
coincidence the co-operation of colleagues* 
was enlisted and medication extended to in- 
clude persons afflicted with pruritus of diverse 
etiology. 

In all, 36 patients were treated with the 
sodium salt of adenosine-S-monophosphate,? 
injected intramuscularly in a solution of 20 
mg in 1 cc of water. The optimum dosage 
had to be determined bj- trial and error. Mas- 
sive doses — 100 mg hourly for 6 consecutive 
hours for a period of 11 days — was given to 
4 patients (Xos. 1, 12, 28 and 33 in the table) 
and produced negative results on pruritis in 
all e.xcept case No. 28. Dosage of 20 mg 
hourly for 5 consecutive hours over a period 
of 3 days yielded fairly uniform results, in- 
cluding response by Case No. 1 , who had not 
responded to the massive doses; Cases 12 and 
35 were not retreated. Approximately half of 

• Supported in part by grants from The Na- 
tional Cancer Institute of The X'. S. Public Health 
Service, The American Cancer Society, and The 
Damon Runyon Memorial Fund. 

t This was done at the suggestion of Dr. Kurt 
Stern, Brooklyn Polytechnic Institute. 

i Drs. Lloyd Craver, A. Susiimo, Richard Ken- 
nedy, 0. Canizares, A. Shapiro, J. Corr, W. Stan-, 
hard, and F. Jo.st, to whom we express our sincere 
appreciation. 

5 The preparation used was “My-B-Den,” made 
and supplied by Ernst K. Bi.schoff Co., Inc. 


the patients responded to the therapy within 
24 hours, the others in from 2 to 7 daj-s. 

In 5 instances the pruritus was associated 
with diabetes (4 cases under insulin control 
and one as yet untreated), 9 with Hodgkin’s 
disease, one with carcinoma of the ovary, one 
with dermatitis due to hair-dye sensitivity, 18 
were idiopathic, and 2 occurred post partum. 
In almost every instance the pruritus was se- 
vere (inducing in some of the sufferers talk of 
suicide) and had previously been subjected to 
numerous therapies: salves, injections, x-ray, 
ultra violet rays, etc. Distribution was gen- 
eral in 20 instances, limited to anus or geni- 
talia in 12 instances, to the legs, feet and 
hands in 4 instances. Skin of many of the 
patiente was e.xcoriated, in some instances 
severely so. 

Results. Results were negative for 6 pa- 
tients and positive for 30. There were 9 
cases of complete subsidence, 14 of marked 
improvement, 5 of moderate improvement, 
and 2 of mild improvement. Not enough time 
has yet elapsed to make possible the assemb- 
ling of statistics as to how enduring these re- 
sults may be. Five patients (2, 28, 29, 30, 
36) have remained free of recurrence or main- 
tained the state of improvement from discon- 
tinuance of therapy to date, this period vary'- 
ing from one to four months; others suffered 
recurrence within 24 hours to one month. 
Three (16, 28, 29) who suffered recurrence 
and were retreated reacted as favorably to the 
remedication as to the initial medication. 

The only toxic symptom — a sensation of 
inability^ to breathe freely' — ^was short-lived 
and experienced by' those receiving massive 
dosage (1, 12, 28, 35). 

Discussion. Considering the fundamental 
importance of adenylic acid to biologic 
mechanisms such as glycolysis, the Kreb 
cycle, muscle contraction, etc., it is surpris- 
ing that so little is known concerning the 
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TABLE I. 

Summary of Clinical Data on 36 Batients witli Pruritus ’iViio Were Treated witli Adenylic Acid. 





Pruritus 



Besults produced by Administra- 
tion of yty-B-Den 

Pt. No. 
and age 

Sex 

Etiology 

Distribution 

Severity 

Duration 

Belief 

Appeared, 

day 

Duration 

1—41 

F 

Idiopathic 

Vulva 

4+ 

7 mo. 

4+ 

2nd 

1 wk* 

2—35 

F 

ff 

y y 

4+ 

4 wk 


Srd 

4 mo.* 

3—30 

F 

} y 

y y 

4+ 

11 vr 

0 

— 

— 

4—56 

F 

y) 

} y 

4+ 

lyr 

4+ 

Srd 

2 wk 


5— GO 

6— 74 

7— 56 

8— 43 

9— 42 

10— 39 

11— 56 

12— 35 

13— 87 
14^5 

15— 43 

16— 22 

17— 67 

18— 69 

19— 30 

20 — 32 

21 — 02 

22— 04 

23— 65 

24— 86 

25— 60 

26— 55 

27— 67 

28— 39 

29— 39 

30— 49 

31— 48 

32— 43 

33— 52 

34— 39 
35~ — 40 
36—42 


P 

M 

F 

M 

:\i 

u 

M 

E 

P 

E 

E 

H 

3« 

E 

F 

F 

F 


) 1 
) > 


Anus 
1 1 


Generalized 


Postpartum 

>1 

Cancer 


4+ 

4+ 

3+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

3+ 

4+ 

4+ 

4+ 

4+ 

4+ 


15 yr 

4 mo. 
3 rrk 
Syr 

3 vr 
12 yr 

6 mo. 
30 yr 
yrs 
6 mo. 

1 yr 
12 yr 

5 mo. 
Syr 

2 mo. 

4 days 

6 mo. 


F 

Hair dye sens. 

3 3 

4-t- 

10 (lay 

Isl 

Diabetes 

Feet 

4-i- 

6 mo. 

F 

y y 

Generalized 

2+ 

yrs 

F 

y y 

A^ulva . 

4-P 

4 mo. 

F 

f y 

J / 

4+ 

9 mo. 

F 

yy 

Legs 

2+ 

2 mo. 


. Hodgkins 

Generalized 

4-p 

1 yr 

il 

ft 

Hands 

3-f 

1 yr 

:m 

y y 

Generalized 

4+ 

1 wk 

F 

fy 

J 

4+ 

6yr 


) y 

y 

3+ 

1 mo. 

F 

y y 

3 

4+ 

1% yr 


y y 

Legs 

3+ 

7 mo. 

F 

y y 

Generalized 

4+ 

3 yr 

F 

y 

y 

3+ 

1 mo. 


3+ 

3+ 

3+ 

4+ 

3+ 

3+ 

4+ 

0 

0 

2 + 
2 + 
3+ 
2 + 
2 + 
3+ 
3 + 
3+ 
0 

3+ 
1 + 
2 + 
3+ 
4+ 
4+ 
4+ 
4+ 
0 

3+ 
1 + 
3+ 
0 

3+ 


1st 

1st 

1st 

2nd 

1st 

1st 

1st 


3rd 

1st 

2nd 

3rd 

4tli 

1st 

7tli 

1st 

1st 

3rd 

2nd 

1st 

Srd 

1st 

Cth 

Srd 

Srd 

1st 

1st 

2nd 


2 wk* 

3 davs 
1 rvk* 
iTVk* 
iTVk*' 
3'-n-k* 


1 Tfk 

No follow-up 

2 wk 

2 wk 

3 wk 
3wk 
Iwk 
Swk* 

3 wk 

2 wk 

t 

2wk* 

3 mo. 

5 wk 
Imo.* 

1 mo.* 

2 wk 
Iwk* 

1 wk* 


4wk» 


* L^toato patient was still free of pruritul at time tliis table was made, 
t 0 „L wKedieation. 20 mg hourly for five eonsecutme hours per day smee 
4-{- iiidientes complete relief from pruritus. 


May 7, M9, 


linical disorders .resulting from pathologic- 
ihysiologic disturbance involving metabolism 
if adenylic acid and related substances. 

We feel that the results which were obtained 
vith adenylic acid are too consistent to be 
ittributable to chance and that these results 
nav be interpreted to mean that pruritus is 
me" indication of adenylic acid deficiency. 
Adenylic acid has previously been used thera- 
leuticallyi'® but so far as we know no one 
las pointed out the relationship between its 


r 483 

e’carlstrom, B., and Olle Lbvgren, Medtra 

:a>idi7iavica, 1943, 115, 568. 


administration and subsidence of pruritus. 
Beneficial effects on skin disorders have been 

3 CarlstTom, 0''^ LiTvgren, Ada Medka 

Scandiunrica, 1942, 110, 230. 

1 Dietrich, S., and Schwiegk, H., Dtsehc. mcd. 
TTchnschr., 1934, 60, 967. 
sHerbrand, tV., Vtsche. mcd. Wchnschr., 193o 

63, 1841. ir j T lojn 

cHolyroyd, F. J., VTest r,rgtma Mcd. J., 1940, 

36 ”61. 

TBothmann, H., Sm. Gastroenterol, 1942, 5), 

^^s'spies, T. D., Bean, tV. B., and Vilter, E. W., 
Jnn Ini. Mcd., 1940, 13, 1616. 

^0 Vilter B. W., Bean, W. B., and Spies, T. D., 
J. Lai. and Clin. Mcd., 1942, 27, 527. 




Chemotherapy of Leukemia. IV. 


381 


alluded to but not e.\panded upon.® We have 
not hitherto concerned ourselves particularlj' 
with this specialized field and can onl 3 ’ state 
that several of our patients made voluntar}' 
mention of the fact that their skin had become 
softer and less dry and that e.vcoriations due 
to scratching had healed upon subsidence of 
the pruritus some whose pruritus had not 
entirely disappeared found that scratching 
failed to produce the e.xcoriation which had 
been the result previous to treatment. 

Though there is much yet to be done clinic- 
ally and in the laboratorr' before the full im- 
plications of adenj’lic acid administration to 
human beings can be completely evaluated, 


we feel that the results to date are sufficiently 
good to make broader e.xperimentation de- 
sirable, and hence to warrant passing on our 
e.vperiences to other workers. 

Summary. Thirty-sLv patients suffering 
from pruritus of diverse etiologj' were treated 
with adenj’lic acid. In thirty instances there 
Avas a subsidence of the pruritus ranging from 
complete to mild. So far Ave haA'e been able to 
find in the rather e.vtensive literature no refer- 
ence to the beneficial effect of adenylic acid 
upon pruritus. 

R«:eircd June 7, 1949. P.S.E.B.M., 1949, 71. 


17199. Chemotherapy of Leukemia. IV. Effect of Folic Acid Derivatives 
on Transplanted Mouse Leukemia.*' 


J. H. Burchenal,! S. F. Johnston, J. R. Burchenae, M. X. Kushida, E. Robinson 
AND C. Chester Stock. (Introduced by C. P. Rhoads.) 

From ihe Section on 2Jouse Leul'cmia, Division of Experimental Chemotherapy, Sloan- 
Kcttcring Institute for Cancer Ecsccrch. 


Since the first report of promising results 
in the clinical treatment of acute leukemia 
with 4-amino-pterojdglutamic acid,^ this 
drug- ® and tAA'o other related compounds®-^ 
haA’e been reported to be active against cer- 
tain strains of transplanted mouse leukemia. 

* This invostig.-ition was supported, in part, by a 
research grant from Tlie National Cancer Institnte 
of The National Institute of Health, United States 
Public Health Serriee, and, in part, by a research 
grant from The American Cancer Society. 

t FclloAv of The American Cancer Society, rec- 
ommended by the Committee on Grovrth of The 
National Ecsearch Council. 

1 Farber. S., Diamond, L. K., Mercer, E. D., 
Sylvester, E. F., Jr., and Wolff, J. -A., Few Eng- 
land J. Med., 194S, 238, 787. 

- Law, L,, Abstract, Cancer Ecsearch, 1949, in 
press. 

3 Bnrchenal, J. H., Burchenal, J. E., Kushida, 
M. N., Jolmston, S. F., and Williams, B. S., 
Cancer, 1949, 2, 113. 

A Burchenal, J. H., Bendich, A., Brown, G. B., 
EHon, G. B., Hitchings, G. H., Ehoads, C. P., and 
Stoeb, C. C., Cancer, 1949, 2, 119 . 


These clinical and e.vperimental findings sug- 
gested the adAUSability of screening a large 
number of compounds related to pteroylglu- 
tamic acid (PG.A.) against transplanted mouse 
leukemia. This series included not onlj’’ com- 
pounds closely related in structure to folic 
acid, but also pyrimidines, pteridines and 
purines. The results of the preliminarj' test- 
ing of 90 such compounds are herewith re- 
ported. 

Method. The techm'c for evaluation of the 
chemotherapeutic activitj'' of a given drug by 
means of its abilitj^ to prolong the surAUA^al 
time of mice AA’ith transmitted leukemia has 
been described previoush-.® 

In a tj-pical e-x-periment, 240 mice of the 
inbred .>\km stock were injected intraperi- 
toneally with 0.1 cc of a saline suspension of 
leukemic spleen so diluted that 0.1 cc con- 
tained 1,000,000 cells. Leukemia Ak 4,® a 
relatwely acute strain, was used in these par- 

5 Bnrchenal, J. H., Biedler, J. L., Nutting, J., 
Stobbe, G. D., to be published. 
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ticular experiments. Forty-eight hours later, 
these mice were divided into comparable 
groups of 10 mice each (2 sets of untreated 
controls, one set of controls treated with a 
standard compound of known activity, 4- 
amino-N'''-methyl-pteroylglutamic acid, and 
21 sets of mice treated rvith unknown com- 
pounds). Compounds were given intraperi- 
toneally in maximum tolerated doses 3 times 
weekly for 10 doses. AVater soluble com- 
pounds were dissolved in saline. Substances 
insoluble in water were usually suspended in 
5% gum arabic in saline. The results of 
treatment with an unknown substance were 
compared with those obtained with the stand- 
ard compound, 4-amino-N’°-methyl-'PGA 
which has previously been shown to possess 
a high degree of chemotherapeutic activity'* 
against .Ak 4 leukemia. Maximum tolerated 
dosage was used throughout in an attempt to 
procure the maximum effect. The mice were 
obsetA'ed for the development of leukemia and 
autopsied at death. If gross evidence of leu- 
kemia was not conclusive, microscopic sec- 
tions were taken. The rationale behind the 
various steps of this technic has been outlined 
in previous reports.** 

Results. The derivatives of pteroylglu- 
tamic acid which show a definite chemothera- 
peutic effect against Ak 4 leukemia are listed 
in Table I. The compounds included here 
are only those which show approximately a 
doubling of the survival time of the treated 
animals as compared with the untreated con- 
trols. Experiments in which these compounds 
have been evaluated are listed in detail. 
Further data on two compounds previously re- 
ported-'*-'* (4-amino-N“’-methyl-PGA and 2,6- 
diaminopurine) are shown in Fig. 1. Table 
11 includes those compounds which have 
shown a suggestive effect by increasing the 
average survival time approximately 50%. 
Table III lists the compounds which have 
shown no evidence of chemotherapeutic activi- 
ty after at least one satisfactorj- test. 

Discussion. In man, some leukemias do 
and some do not respond to antifolic therapy 
and, similarly, in the mouse not all strains of 

«Burolienal, J. H., Lestpr, R. A., Riley, J. B., 
and Rho.nds, C. R., Cancer, 1948, 1, 399 
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CnmpouiuU directly related to pierotjlghtiamic acid 
Ptcroylgiutamic acid 


■ ■ acid 300 

Sulfonamide .analog of aminoptorint _ 400 

Ptcroylglutamic acid ',-K,K-dietliylanudct 200 

Ptcroylaspartic acid (d) 30 

Pteroylasp.artic acid (racemic) 30 

4-Amino-pteroyl alanine 20 

Glutamic acid derivatives 

If-(4-aminol)enzoyl)-l(+)-glutaniic acid 100 

N'-(4-ammobenzone3ulfonyl)-l(4-)'glutanuc acid 500 

Luma vines 

Lumazino 250 

Dimetliyl lumazine 325 

Diphenyl lumazine 50 

Purines 

Adenine 200 

Guanine 500 

Xanthine 500 

Hypo.\anthinc 500 

2,G-Diamino-7-mcthylpurine 250 

Quinacolincs 

2,4-Diaminoquinazoline 05 

2-lIethyl-4-hydroxyquinazoline 300 

Quin/ixalines 

2.3- Dihydroxj'quinosaUne "0 

2.3- Dichloroquinosalino 30 

Triacines 

4,G-Diamino-B-triazin'2-ol (Cyanurodiamide) 150 

2.4- Diamino-C-(4-diearboxymothy!onethioarsenosoanilino)-s-triazine 30 

Triazolcs 

Bonzotriazole 300 

7-Amino-l-V-friazolo-(d) pyrimidine 50 

5-Amino-7-hydroxy-l V-triazolo (d) pyrimidine 125 


* This material is crude and nothing is yet known about the nature of the impurities, 
i This compound is a crude product (analyzing about 11.39(; pure). 

* This compound is grossly impure. 


transmitted leukemia are affected by this 
type of treatment.--® A strain previously 
proven to be influenced by this type of therapy 
is, therefore, essential to such a screening pro- 
gram. The sole diet of the mice during the 
e.vperiment consisted of Purina Laboratory 
Chow of an unknown, but presumably fairly 
constant pteroylglutamic acid content. No 
further measures for controlling the intake 
of the vitamin were attempted. Since the 
activity of various derivatives as anti-metabo- 
lites vary markedly," it is quite possible, there- 
fore, that if the anti-leukemic effect is related 

" Smith, .1. M., .Tr., Cosulich, D. B., Hultquist, 
M. E., and Scegar, D. B., Tr. Xcw Tori: Acad. Sc., 
1948, lO, 82. 


to the anti-folic activity, certain less effective 
antagonists of pteroylglutamic acid may have 
been missed by this lack of dietary control. 

All compounds in these studies which 
showed a definite chemotherapeutic effect were 
related in that there were amino groups in 
the 2 and 4 positions of the pteridine ring or 
in the analogous configuration in 2,6-diamino- 
purine. The importance of this particular 
amino substitution of the pteridine nucleus 
has been demonstrated bj^ Daniel in her 
studies on the anti-bacterial action of the 
pteridines.® Hitchings reported that, in 
studies of a large number of pyrimidines, an 

8 Daniel, L. .T., Xorrm, D. C., Scott, M. D., and 
Henser, 6. F., J. Biol. Chem., 1947, ICO, 689. 
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TABLE III. 

Compounds Showing Ko Evidence of Chemotiierapeutic Activity Ag.iinst Leiikemi.T Ak 4. 


Comp/ound 


Pyrimiclincs 

2-Amino-4rmethylpyrimidine 

2-Aniino-4-(4'-arsonopIienylamiiio)pyrimidine 

2-Amiiio-4-methyl-5-acetylpyrimidine 

2-Aniino-4,5-dinicthylpyrimidine 

2-Amiiio-4;6-diacetylaminopyriniidine 

2-Anuno-4t-hydrosy-5-(2','4’-dichlorophenoxy)pyrimidine 

2-Amino-4-liydroxy-5,6-diniethylpyrimidine 

2-Aniino-4:-liydroxy-5-p-ehlorophcnoxy-6-metliylpyrimidine 

2-Amiiio-5-bromo-G-ii3-droxj‘pyrimidine 

2.4- Diatnino-5-methylpyrimidine 

2.4- Diamino-5- (2', 4'-dicidoTOphenoxy)pyrimidine 

2.4- Dianiino-n,G-dinicthylpyrinndine 

2.4- Diamino-G-methylpyrimidine 

2.4- Diamino-6-hydroxj-pyrimidine 

2.5- Diamino-4,G-dihydroxj-pyrimidine 

2.4- Diliydroxy-5-ehioroacetamidopyrimidinB 

2.4- Diliydroxy-5,6-diaminopyrimidine 

2.6- Diliydrox3'-5-nitropj'rimidine 

2.6- DihydroX3'-o-bronioi)yrimidine 

2.6- DiliydroX3'-5-aniinopyrimidine 

2.6- Dihydroxy-4,5-diaminopyriniidiiiD 

2.4.6- Trihydroxypyrimidine 
2,4j5,6-Tetrahydroxypyrimidine 

Mercapto-4'hydroxypyriuudine 

•Mercapto-4-liydro.xy-3-metl)j’lpyriDiidine 

Mercapto-3-o-tolyl-4,6,6-trimetliylpyriinidine 

,4,6-Trichloropyrinudine 

Cliloro^-dimetliylamino-O-metlij-Ipyrimidinc 

■Methyl-4-hydroxy-5-etlioxymetliylpytimidinc 

•Butyl-2-Iiendecyl-l,4,5,0-tctraliydropyrin)idine 


Dose, mg/kg 


750 

15 

C4 

250 

175 

1000 

250 

1000 

250 

73 

250 

35 

123 

450 

150 

50 

100 

150 

300 

250 

15 

35 

250 X 2 
125 X 7 
100 
1000 
350 
15 
0.75 
750 
4 


Eexahydropvrimidines 

,3-Bis ( 1,3-dimetlij-lbutyl) -o-nitro-o-methylhexaliydropyrimidine 

,3-Bis(l,3-dinietliTlbutyl)-5'nitro-5-otliy]hexabydropyrJimdine 

,3-Bis (2-etliylhe.xyl)-5-amino-5-methyl!iexaliydropyrim)dine 

,3-Diisopropyl-5-amino-5-raethylhexaUydropyriniidine 

,3-Dibi!nEyl-5-nitro-5-methylliexaliyarop3Timidine 

,3-Dibenzyl'5-amino-5-metliyllicxaliyaropyrimidme 

,3-Di-p-to]yi-5-amino-5-nietli3-llic.xaliydropyrimidine 


750 

300 

35 

125 

750 

32 


Pteridines 

,4-Diaminopteridinc 

,4-Diamino-6-inethylpteridine 


,4-Diamino-7-methylptendme , 

4-Diamino-6-p-carboxyanilinomethylpterjdine 

4-Diamino-6-N-methvl-p-carbox3-amhnomethylpteri(lme 

’4-Diamino-6,7-diinet!iylptcridine 
,4-I)ianuno-6,7-dihydrox3^tGridine 
,4-Diainino-6,7-diplienylpteriaine 
,4-Diamino-6,7-dicarboxyptendine 
4-Diaimno-6,7-bis (4-aimnophenyl)ptendmc 

4-Diaimno-6,7-bis(p-sulfinomethy)ammophenyl)ptcndmc 

,4-Diamino-5,7-dihydroxypyrimiao(4,5-e)pteriamc 

-An\ino-4-hydroxypteridine 


-Amino-4-hyaroxy-O-metbylptenaine 

-Amino-4,5,7-tTihyaroxypyrnmdo(4,o- 

,4,6,7-TetrahydroxTpteridine 

,4-DUiydroxy'6,7-diniethyIpterKliiiG 

,4-DiIiydroxj--6,7-dipIieny]pteridine 


e)ptcridine 


100 

200 X 6 
100 X 1 
60 
125 
125 
50 
500 
100 
250 
500 
400 
300 

1000 X 1 
GG7 X 3 
15 
300 
10 
250 
125 
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17200. A Readily Soluble form of P. B. P. for Use as a Routine Diagnostic 
Test. 


P. Morales-Otero and Luis M. Gonzalez. 

/'row the School of Tropical Medicine, San Juan, Puerto Itico. 


We reported the preparation of a purified 
protein antigen from Brucella,' made by fol- 
lowing a modification of Seibert’s method for 
the preparation of PPD (purified protein de- 
rivative from tuberculin). This protein sub- 
stance was a fine, light brown powder of fairly 
constant chemical composition, not complete- 
ly soluble in water but easily dissolved by the 
addition of a few drops of 0.1 N alkali. The 
solution could be neutralized with 0.1 N HCl 
and remained clear. This preparation was 
used by us, as well as by other investigators, 
for the study of cutaneous hypersensitiveness 
to Brucella. workers may not have 
laboratory facilities, we have devised a 
method whereby the PBP (purified brucella 
protein) is put up in vial form and in 
just the right amount for skin testing. By 
adding a measured quantity of sterile saline 
buffered solution, the PBP is ready for use. 

To prepare the PBP in this way, a 
weighed amount of the protein antigen is 
dissolved, as indicated above, to make a con- 
centration of one mg per cc. This solution is 
dialized through cellulose tubing {\Msking 
Corp.) in cold water for 24 hours, .^ny im- 
purity that may separate is removed by 
centrifugation. Then 50 mg of Beta lactose 
per cc of the PBP solution are dissolved. The 
resulting liquid should be completely clear. 
One half cc of this solution, containing O.S mg 
of the Brucella protein extract, are bottled in 
glass vials (about 8 ml capacity) of the type 
ordinarily used for vaccines, and the contents 
dried by lyophilization. The lactose has no 

1 Moniles-Otcro. P., .-iml Gonz-ilpz. Luis M., 
Pboc. Soc. Exr, Riou and Med., 19.18. 38, 793. 


deleterious effect on the PBP; does not in- 
fluence the allergic reaction, and is used only 
to give bulk to the product after drj'ing, since 
the amount deposited in each vial is infinitesi- 
mal. 

For skin testing, 5 ml of the sterile diluting 
fluid are added to each vial, by means of a 
sterile syringe and needle through rubber stop- 
pers of the vial, and shaken for 2 or 3 minutes 
to dissolve their contents. The diluting fluid is 
the same used for Seibert’s PPD‘- and is a buf- 
fered saline liquid made from the following 
solutions: 

KHiPOj: 9.078 g dissolved in 1000 cc of 
distilled water 

Xa-jHP 04 ■ 2H:;0: 11.876 g dissolved in 
1000 cc of distilled water 

Two parts of the solution of the potassium 
salt are mixed with 8 of the sodium salt, and 
0.25% phenol is added. 

Each vial contains enough PBP for 50 tests. 
The tests are performed by injecting 0.1 ml 
of the diluted protein product with a tubercu- 
lin type syringe and a 26-gauge needle into 
the skin over the flexor surface of the forearm. 
The site of the injection is examined 48 hours 
later. Subjects who react positively show a 
pronounced erythema and edematous indura- 
tion. Negative cases show no changes. 

This preparation was tested on 25 individ- 
uals supposed to have been in contact with 
infected material. Two of them were veterin- 
arians and 2, their assistants. The rest were 
milkers and dairy workers. Of this group 8 
gave positive and 17, negative. 

•-Seibert, P. B., rt at., Avi. Ilev. Tiibcrculoni-i, 
1934, 30, 707. 
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SURVIVAL TIME IN DAYS 

m DCATH er ONt HOUSE 
CO out HOUIE STILL tUSVIVmS 

Fia. 1. 


inhibition of growth of L. casei with PGA 
in the absence of purine was a property of 
nearly all 2 ,4-(Hamino-pyrimidines and their 
condensed systems.® 

Despite the fact that certain simple pyri- 
midines^" and pteridines® are antagonists of 
PGA in the metabolism of bacteria, it is of 
interest to note that all such compounds which 
were tested against Ak 4 leukemia were with- 
out definite effect. The addition of a para 
amino-benzoic acid moiety to the 2,4-diamino 
pteridines in 4-aminopteroic acid (2,4-diam- 
ino-6-p-carboxyanilinomethylpteridine) and in 
4-amino-N'"-methyl-pteroic acid (2,4-diam- 
ino-6 - N-methyl-p-carboxyanilinomethylpteri- 

dine) did not increase activity. With the ex- 
ception of 2,6-diaminopurine, the 2,4-diamino 
configuration of the pyrimidine ring was ef- 
fective only when it was a portion of a larger 
molecule consisting of a pteridine, a ^ para 
amino-benzoic acid, and an a-amino acid. 4- 
amino derivatives containing the a-amino 
acids, glutamic, aspartic or thre onine, pos- 

B., Vander Werff, 
H., and Falco, E. A., J. Biol. Clicm., 1948, 174, 
765. 

10 HUeliiags, G. H., Falco, E. A., Sherwood, 
M. B., Science, 1945, 102, 251. 


sessed chemotherapeutic activity, but 4-amino- 
pteroyl alanine was inactive. 

Summary. 1. Ninety compounds related to 
pteroylglutamic acid have been tested for 
chemotherapeutic effect against transmitted 
leukemia Ak 4 in mice. 

2. Eighty-two of these compounds showed 
no chemotherapeutic effect by this particular 
technic. 

3. Four showed slight to moderate effect. 

4. Four compounds, 4-amino-N’"-methyl- 
pteroylglutamic acid, 4-amino-9-methyl-pfe- 
roylglutamic acid, 4-amino-9,10-dimethyl- 
pteroylglutamic acid, and 2,6-diaminopurine 
have definite chemotherapeutic activity as 
demonstrated by approximately doubling 
average survival time of the mice treated with 
these compounds. 

5. The occurrence of an amino substitution 
in the second and fourth positions of the pyri- 
midine ring in all these active compounds has 
been noted. 

IVe wisli to neknowlcdgo .it this time the gen- 
erosity of the following groups in su]>pl.ving flic 
compounds used in these studies: Dr. C. K. Cam, 
Department of Clicmistry, Cornel! Univer.sily; 
Calco Chemical Company; Commercial Solvents; 
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this strain." Of these Uvo sites, the testis 
was used since it contains numerous primitive 
mesenchjTOal cells. It nicely delimits the 
area affected, and it does not contain or allow 
any contact with the Ujie of connective tissue 
associated with ligaments or bone attachments. 
The bone extract was made according to the 
procedure of Annersten,"’ with slight modifica- 
tion to adapt it to the mouse. All of the 
long bones, the pelves, the shoulder girdles, 
the calvarium and any other bones that could 
be readih- freed from the surrounding tissue 
were removed from 6 or 7 mice. These bones, 
weighing 5 to 8 g were ground with a mortar 
and pestle and e.xtracted with 15 to 20 cc of 
HCl-alcohol (100 cc of 95% alcohol and 5 cc 
of O.IN HCl). The ground bone was placed 
in a glass stoppered tube. The alcohol was 
added and stirred. The mixture was then 
placed in a refrigerator at 4-I°C for 48 hours 
and stirred frequently. It was then centri- 
fuged. The supernatant liquid was placed in 
an appropriate container and evaporated to 
one-quarter its former volume by passing a 
stream of warm air over it. The extract be- 
came opalescent and a fine lipid film formed 
around the edges of the surface. Xo attempt 
was made to analj'ze the content of this ex- 
tract. However, Annersten^ gives a report 
on the anal.vsis of his e.xtracts of rabbit bones. 
The solution was next diluted vith an equal 
volume of isotonic salt solution and injected 
immediately. If injections were not to be 
made at once, the dilution was not done until 
just before injection. The extract was stored 
in the refrigerator at -f-l°C. 

The extract was injected by means of a 
1 cc tuberculin syringe equipped uith a 25 
gauge needle. The mice were anesthetized, 
and the left testis was exteriorized through a 
suprapubic midline incision. The testis was 
grasped by the gubernaculum, and the hj’po- 
dermic needle inserted at the posterior pole 
of the testis, parallel to its long axis. As much 
extract as could be retained (about 0.05 cc) 
was injected. If too much solution was in- 
jected, the internal pressure caused herniation 
of the seminal tubules at the point of entrance 
of the hj’podermic needle. The testis was 
then returned to the abdominal cavitj* and 
the incision sutured. Thirty-three male mice 


were used. The animals were autopsied at 
15 da\-s, and at 3, 4, 5 and 6 weeks after the 
extract was injected. The testes were pre- 
served in Bouin’s fluid, sectioned in paraffin 
(7 ix) and stained with Harris’ hematoxvdin 
and triosin. 

Observations. In gross appearance the 
treated testes are somewhat less than 2/3 
their normal volume. If the seminal tubules 
herniate, or some of the acid-alcohol extract 
leaks out, there is a tendency for the testis to 
adhere to surrounding tissue. Adhesion usual- 
ly occurs in the open inguinal canal or in the 
region around the abdominal incision. The 
area that is affected by the extract can be 
readily seen in gross obserx'ation, since the 
tubules appear as chalky white structures 
showing through the tunica albuginea. The 
remainder of the testis is the normal pinkish 
graj' color without the tubular nature of the 
testis being apparent. The extract seems to 
fix the tissue somewhat in about 2/3 of the 
testis (Fig. 1). .At 2 weeks there are no 
lumina in the tubules of the treated area. The 
cell membranes are no longer apparent, and 
the coalescence of the cells produces a homo- 
geneous light pink-staining granular mass. 
.Apparently the nuclei of the basal layers of 
cells disappear, but the chromatin material of 
the spermatids and spermatozoa is grouped 
concentrically at the centers of the tubules. 
Nuclear membranes are not seen, yet the 
chromatin material is very dense and compact, 
without evident coalescence, and retains its 
hematoxylin-staining affinity. The connective 
tissue forming the tubule walls appears desic- 
cated, but othenvise does not show much alter- 
ation. The interstitial tissue is composed of 
connective tissue, Leydig cells and occasional 
macrophages and IvTuphocytes. The cyto- 
plasm of the connective tissue cells and Ley- 
dig cells takes the same light pink stain as 
does the material within the tubules. Some 
of the Leydig cells have the characteristic in- 
terstitial cell nuclei, while in others the nuclei 
are becoming pycnotic. The nuclei of the 
fibroblasts are in most instances pycnotic. 
Lymphocytes are not yet numerous, and the 
blood vessels show only slight evidences of 
future hyalinization. Macrophages are onty 
occasionally seen. 
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As a further check of the specificity of this 
lyophilized form of PBP, 10 patients from the 
University Hospital, who had been diagnosed 
as brucellosis cases and who had previously 
given a positive skin test with the old form 
of PBP, were again tested with this readily 
soluble form. All gave a positive skin reac- 
tion. 

For negative control group, 20 healthy 
subjects, selected at random from the general 
population and ivith no history of brucellosis 
or symptoms usually associated with this con- 
dition, were also tested; all were negative to 


the lyophilized PBP. 

Summary. A purified brucella protein, sub- 
jected to further purification and presented 
in a soluble lyophilized form, has been de- 
scribed. Weighed amounts are placed in glass 
vials, which, after the addition of a measured 
quantity of sterile saline buffered solution, 
produces a product ready for use. This pro- 
cedure facilitates the use of the product in 
epidemiological investigation and as a routine 
diagnostic test. 


Ecccivod Hay 24, 194D. P.S.E.B..M., 194.0, 71. 


17201. Effects of Bone Extracts Injected into the Mouse Testis.*’ 

Carrole a. Pfeiffer. 

From the Department of Anatomy, Yale University School of Medicine 


Bone will develop from bone marrow when 
it is transplanted under certain conditions. 
This subject has recently been reviewed by Le- 
vander^ and Pfeiffer.- However, these two 
authors differ markedly in their interpreta- 
tion of how bone is formed from the marrow 
transplant. Levander^ has reported that 
when bone marrow is transplanted, all of the 
grafted cells disintegrate and mesench)Tnal 
cells from the surrounding tissue soon migrate 
into the graft and are transformed into chon- 
droblasts and osteoblasts which form carti- 
lage and bone. Pfeiffer- agrees with Levan- 
der that the hematogenic and myelogenic cells 
disappear from the graft but believes that 
when bone forms, the marrow reticulum cells 
of the graft survive and these cells develop 
into osteoblasts just as they do in the marrow 
cavity when medullary bone forms there as 
described b}^ Bloom, Bloom and McLean® in 
the pigeon. 


* Tliis investigation was aided by grants from 
The Anna Fuller Fund, the National Cancer In- 
stitute (U.S.P.H:.S.), and the James Hudson 
Brorni Fund. 

J Levandcr, G., Acta Chir. Scand., 1940, 83, 545. 
2 Pfeiffer, C. A., Anat. Jlcc., 1948, 103, 225. 

8 Bloom, AV., Bloom, H. A., and JtcLean, F. C., 
Anat. Sec., 1941, 81, 443. 


The evidence in the literature’*"'' that 
there is an extractable osteogenic substance 
would tend to support Levander’s hj'pothesis. 
However, it has been questioned whether such 
a substance exists, and evidence that injury 
is the primary factor in causing bone to form 
when bone extracts are injected has been ad- 
vanced by Heinen.® Apparently mesenchy- 
mal cells transform into osteoblasts in either 
case. It therefore becomes important to test 
whether the mesenchymal cells present in the 
area where bone developed in marrow grafts 
would produce bone under the same or greater 
injury than resulted from grafting, plus the 
extract from a similar or larger piece of mar- 
row than was grafted. 

Materials and methods. Mice of the 
Strong® A strain were used in this e.xperi- 
ment because it has been shown that bone will 
develop in marrow grafts in the anterior cham- 
ber of the eye and in the testes of mice of 

i Annersten, .S., Acta Chir. Srniidinnv. (Suppl. 
60), 1940, 84, 1. 

r. Aimerstcn, S., Chirurg., 1941, 13, 76. 

UBertcIscn, A., Acta Orthopaedica Scandinavica, 
1944, ir>, 139. 

'Bev-aiider, G., .nnd IVillist.'icdt, II., Xaliirc, 
1946, 157, 587. 

s Heincii, .1. H., pprsonal cnimnuiiicafion, 194S. 

9 Strong, h. a, .T. Hercd., 1930, 37, 21. 
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AH tissues ivere fixed in Bouin’s fluid, sectioned at 7 and stained witli Harris’ liema- 
toxvlin and triosin. ■ j- 

Fig. 1. Ijongitudinal section tlirougli entire testis and epididymis following injection of 
0.05 ce of an acid nlcoliolie extract of bone into tbe testis. The portion to the left is the treated 
area and that to the right is the normal testicul.ar tissue. Xote the sharp diidding line bctiveen 
the infaret and the normal area. X 12- . 

Fig. 2. A section of the treated area of a testis 20 days after injection of an acid alcoholic 
extract of bone. This section is near the normal part of the testis and shows the predominance 
of fibroblastic elements in the interstitial tissue of this area and the disaxipearance of all 
normal cellular structure in the seminiferous tubules, except for the darkly staining chromatin 
material of the spermatids and spermatocytes which is arranged concentrically in the center 
of the tubules. X HO. 

Fig. 3, Same testis as in Fig. 2. A section near tbe center of tiie treated area. Xote tlie 
ratlier normal appearing Beydig cell between tbe 2 tubules at tbe e.xtreme right and the numer- 
ous cells in the interstitial tissue, some of which may be altered Bcydig cells bat most of which 
are undoubtedly maeropbages. See also altered protoplasm, lack of chromatin material and 
even, faintly staining appearance of all sjierniatogonic cells. The chromatin material of tlie 
spermatids and spermatozoa still stains very strongly, however. X 220. 

Fig. 4. A cross section of an arteriole at periphery of infarct in a testis 20 days after in- 
jection of bone extract, showing marked alteration of those vessels and presence of numerous 
plasma cells and lymphocytes around them. Tlie remaining interstitial tissue appears greatly 
dehydrated but not otherwise mucli altered. X 220. 

Fig. 5. Interstitial tissue 4 weeks after injection of bone extract. Xote little change in 
the cells. They are extremely pycuotic, and the fibers ajipear denser. The small blood vessels 
show none of the changes seen at iieriphery. All of tissue has been killed and fixed by the 
alcohol and remains in this condition with no evidence of romov.al of dead tissue. X 220. 

Fio. 6. The normal jiortion of a testis that had received acid alcoholic extract of bone 0 
weeks before. The treated area of the same testis is shomi in Fig. 8. X 220. 

Fig. 7. Treated area of a testis 3 weeks after Injection of bone extract. There is little 
change from earlier stages except that there is more interstitial edema. Tlie tubules are smaller 
and there are possibly fewer chromatin ronuiants of the spermatids and spermatozoa in the 
tubules. X 110. 

Fio. 8. Treated area from tlie same testis as shown in Fig. G. It is similar to Fig. 7 except 
for the greater interstitial edema. At 6 weeks there is no evidence that the killed and preserved 
cells are being cleared out of tlie area. X 110. 


.\t 3 weeks the contents of the seminiferous 
tubules are essentially the same as at 2 weeks 
(Fig. 2). The protoplasm is, however, some- 
what more homogeneous. In the intertubular 
spaces there are fewer cells with definitive 
interstitial cell nuclei, but cells with pycnotic 
nuclei which might formerly have been inter- 
stitial cells of Leydig are fairly numerous 
(Fig. 3). They are, however, almost com- 
pletely absent from the center of the treated 
area. The fibroblasts show little if any change 
from that seen at 2 weeks. A few polymor- 
phonucleated cells are present at the periphery 
of the treated area. Also in this region are 
a few lymphocytes. The vascular condition 
has changed very- little from that at 2 iveeks. 
Hyalinization of the blood vessels is begin- 
ning at the periphery, and lymphocytes are 
becoming more numerous around these blood 
vessels (Fig. 4), At the dividing line between 
the treated and normal areas an occasional 
seminiferous tubule shows the characteristic 
clumping of the spermatocytes that occurs 
when the seminiferous tubules are damaged. 


This type of degeneration in the tubules is 
never seen except at the periphery of the treat- 
ed area, and is secondary to the primary 
damage. 

By 4 weeks the tubules are further shrunken 
in size. The protoplasm appears to be more 
homogeneous. There is less chromatin ma- 
terial visible, and many cross sections of tub- 
ules show none at all. There is much more 
intertubular edema, although this varies con- 
siderably' from animal to animal. The nuclei 
of the fibroblasts are quite py’cnotic (Fig. S), 
and only' rarely can a cell be found which 
could have been an interstitial cell of Leydig, 
even in the peripheral zone of the affected 
area. There is a somewhat marked hyaliniza- 
tion of the blood vessels, but it is only' the 
vessels at the periphery' of the treated area 
that show this response. Lymphocytes are 
much more numerous, especially near the 
blood vessels, and plasma cells are noiv pres- 
ent. iMacrophages are not noticeable at this 
time. The amount of connective tissue in the 
interstitial spaces is about normal, but it ap- 
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bone when bone marrow is transplanted, just 
as they have been shown to do in their normal 
position,^ the evidence is equally convincing 
that bone is caused to form in many areas 
where marrow reticulum cells are not present. 
The osteoblasts and chondroblasts in the lat- 
ter areas must come from the primitive mesen- 
chymal cells. However, in spite of the ob- 
vious similarity of the primitive mesenchymal 
cells and the marrow reticulum cells new prob- 
lems become evident. The injection of an 
acid alcoholic extract of bone into muscle has 
been reported to cause the primitive mesen- 
chymal cells to form bone,^-'*''’ yet the testis 
of the mouse contains large numbers of primi- 
tive mesenchymal cells which failed to re- 
spond to acid alcoholic extract of bone. In the 
present e.xperiment all the tissue in the treated 
area is killed. It represents a subtotal in- 
farction, and apparently the damaged tissue 
is gradually removed by autolytic enzymes 
brought in by the tissue fluids which penetrate 
the area. Xo cells remain in the treated area 
that could form bone. If bone should form 
under these circumstances it would have to 
be from cells outside the treated area or from 
cells which migrate into the area by way of 
the blood stream or by connective tissue in- 
growth from the periphesy. It would not be 
expected that any injected osteogenic sub- 
stance would remain in the area for as long 
as these e.xperiments ran. Therefore, if bone 
should develop later, it could hardly be at- 
tributed to the injected osteogenic substance. 
It is also evident that the injury produced by 
injection of the bone extract, which Heinen- 
believes is responsible for bone formation 
under these conditions, did not cause bone to 
develop in the testis. It is true that we did 
not pretreat the area with 40% alcohol as 
Annersten^-' did, but with the limited area 
within the testis and the extreme damage to 
the tissue, it was felt that the effect of alcohol 
pretreatment would only be to further limit 
the amount of extract that could be retained. 
Moreover, Bertelsen® has claimed that this 
pretreatment is not necessarvc 
The fact that the presence of alcoholic ex- 


tract of bone and the considerable injury 
produced by its presence has not caused bone 
to form in the mouse testis, while marrow- 
transplants readily produce bone there, sug- 
gests that in the mouse the primitive mesen- 
chymal cells of the testis are not easily stimu- 
lated to form bone. Therefore, the mouse 
testis is not a good place to test either 
whether any extractable osteogenic substance 
exists, as postulated by Annersten'*-"' and 
Berteisen,'’ or whether injury to the tissue 
brought about by the extract is the cause of 
the response when bone formation follows 
the injection of alcoholic extracts into 
muscle.- The rabbit, which has been used 
in the e.xperiments testing the presence or 
absence of an osteogenic factor, on the other 
hand is notorious for the ease with which 
ossification occurs following injury, a fact 
which has. been becoming increasingly evi- 
dent since the ex-perimental production of 
ectopic bone in the rabbit by Sacerdotti and 
Frattin.'^ It seems probable that the present 
failure to obtain bone formation is related to 
the use of the mouse as an e.\-perimental animal 
and the testis as the injection site. It was not 
thought feasible to test the bone extract on 
the muscle of the mouse since it would be 
unlikely that appreciably more extract could 
be injected here than into the testis without 
affecting the connective tissue involved in 
tendon or muscle insertion. 

Summary. An acid alcoholic extract of bone 
did not cause the development of bone when 
it was injected into the testes of 33 male mice 
of the Strong A strain. It caused extreme 
damage to about 2/3 of the testis, producing 
a subtotal infarction of the area. Since frag- 
ments of bone marrow produce bone when 
transplanted to the testis, whereas extracts 
from much larger amounts of marrow and 
bone do not cause the development of bone, 
it is concluded that the marrow reticulum cells 
survive grafting and produce the bone. 

18 Sacerdotti. C,, and Frattin, G,, Fireiiou-s 
Arch, f, path. Anal., 1902, 108, 431. 

Received March 29, 1949. P.i!ijiAitri949riT. 
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pears dehydrated, and the large empty spaces 
due to further shrinkage of the tubules make 
it appear less abundant. 

From the fourth to the si.Mh week the 
changes already described become more e.x- 
treme (Fig. 7 and 8). There is further 
shrinkage of the tubules and disappearance of 
chromatin material, although certain tubules 
resemble those at 2 or 3 weeks, e.xcept for 
the smaller size. Usually only connective 
tissue rvhich has been coagulated by the in- 
jected alcohol is seen in the mtertubular 
spaces. The fibers often show evidence of 
disintegration. The spaces between the tu- 
bules, and between the tubules and connective 
tissue become greater. Apparently the 
shrinkage of the tubules is much greater than 
that of the connective tissue. In the central 
area only an occasional cell that may be a 
degenerating interstitial cell or a macrophage 
is seen. If these are living macrophages, there 
is no evidence of their phagocytic activity. 

The vascular changes seen in the treated 
testes seem to be associated with the peripher- 
al area, and the presence of lymphocytes and 
plasma cells is limited primarily to this region. 
Presumably the lymphocytes come in from the 
blood stream, but the plasma cells may pos- 
sibl}’’ be formed in the area. There is no evi- 
dence whether the plasma cells arise from 
lymphocytes or not. They are, however, 
limited to the same areas. There seems to 
be no evidence of undamaged fibroblasts or 
primitive mesenchymal cells in the treated 
area. The vascular and lymphocyte response 
in the peripheral region occurs whether it is 
adjacent to normal seminiferous tubules or to 
the tunica albuginea. The tubules in the 
area outside of that e.xposed to the extract 
are essentially normal (Fig. 6) e.xcept for a 
slightly cryptorchid appearance -which may be 
due to the fact that the testis is only about 
2/3 its normal size and probably has resided 
in the abdominal cavity most of the time. 
The interstitial tissue and Leydig cells appear 
to be increased somewhat in this area. This 
is probabl}' due to the reduced tubular volume. 

Discussion. The fact that bone did not 
develop in the mouse testis when acid alco- 
holic ex-tract of bone was injected, even though 
the amount of extract injected represented a 


volume of marrow many times that whicli was 
transplanted to the mouse testis and which 
formed bone,- strongli^ suggests that die 
marrow graft contributes something besides a 
possible extractable osteogenic substance, pre- 
sumably the growing marrow reticulum cells, 
which it seems probable become osteoblasts 
and form bone. 

In the literature on the transplantation of 
bone marrow the following facts are evident: 
1. Autoplastic transplants of bone marrow are 
fairly successful in forming bone.^-’'^^'^ 2. 
Homoplastic transplants are seldom success- 
fyPO.ll.lo.lC ‘g yQJjgg animals, 

and with large amounts of marrow,^-'’ 3. In in- 
bred strains of mice implantation of tin}" frag- 
ments of marrow cause the development of 
bone.- 4. The degree of resistance to grafting 
which is present in the grafting site is of e.x- 
treme importance; where resistance is high, 
bone has not formed when marrow is trans- 
planted.- .All of these conditions are related to 
the ability of grafted cells to grow in their new 
environment. It seems, therefore, that bone 
develops in marrow transplants only under 
conditions that are favorable for transplanta- 
tion. Since all workers agree that the myelo- 
genic and hematogenic cells do not survive 
grafting, it must be that the marrow reticulum 
cells do survive as suggested b.v Pfeiffer" 
and are the cells which Levander’- believes 
are mesenchymal cells -nEich have migrated 
into the area. 

While it seems quite clear from the above 
evidence that marrow reticulum cells form 

JOBaikow, A., Cenlralbl. f. d. Med. Wf.es., 1S70, 

8 , 371 . 

11 Brims, P., ^trcli. f. Idin. Chir., ISSl, 20, (ifil. 

1- Bull Cli. R., EiperimcntcUc Studirii fiber 
Knochentransplantation find Knoehenrer/cnerntion, 

19SS, J. PTbiv.afl, Oslo. 

WCliiari, 0. SI., Miinch. Med. Woch., 1012. 50, 
2502. 

H Jtiy.auclu, E., JrcJi. f. llin. Chir,, 1314, 106, 
STS. 

l.-i Ollier, L., Tr.aitc c.vjieriniout.alc ct cliniqiic clD 
la regeneration dcs os et do In jirodiietion .nr- 
tificiellc (lu tissu osscu.';. T. I. partic e.vperi- 
ment.alp, 1807, Victor Masson ct Fils, Paris. 

JCMa.'is, H., Jrrh, f. Idin. Chir.. 18S7, 20, 70S. 
i7Gou.ion. E., J. de L'Jniit. et dr La Fhysiol., 
1869, «, 399. 
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TABLE I. 

Incidence of Lesions in the Kidney and Blood Pressure of 100 Bats Foilovring Unilateral 

Kcplircetoniy. 


Mean blood pressure 
in mm Hg 

Up to 120 120 to 130 130 to 140 

140 to 130 

Over 150 

Ko. of rats 

Incidence of lesions in 
ablated kidney 

S 15 29 

0 -b -b-f 

28 

-b-b-b 

20 

-b-b-b -b 

TABLE II. 

Effect of Various Diets on tbe Survival of Bats Following Bilateral Xeplireetoniy. 



Survival in days 

No. of rats 

Diet 

r~ 

Range 

Avg 

20 Begular 

20 Dialyzed (sodium and potassium “free”) 

20 ''Protein-free” diet (glucose, stareb, lard) 

20 Dialvzed food plus 2% NaCl 

20 ” ” ” ” KCi 

2.0 to 4.5 

3.2 to 6.0 

2.9 to 5.5 

2.8 to 5.0 

2.5 to 4.5 

3.0 ± 0.4* 

4.5 i; 0.4 

4.6 -V 0,5 
4.3 -h 0.5 

3.7 ± 0.3 


* Standard deviation. 


was in each case found to be elevated 30 to 
50 mm of mercury over the highest level 
attained prior to the removal of the second' 
kidney. Bilateral nephrectomy in the rat, 
as in the dog,® thus results in elevation of the 
blood pressure to hj-pertensive levels if the 
animals survive for 5 days or more in good 
condition. 

Microscopic studies oj the right kidneys. 
The structural deviations from normal ob- 
serv'ed microscopically in the right kidneys 
of the rats whose blood pressure levels are 
recorded in Table I could be grouped as ab- 
sent, minimal, and slight. There was a con- 
spicuous absence of any acute or chronic in- 
flammatory change involving the glomeruli, 
tubules, renal pehns, stroma or blood vessels. 
The minimal and slight changes observ’ed 
consisted of an increase in the connective 
tissue stroma of occasional glomeruli and 
hyaline change of some glomeruli, of varying 
degrees or complete. Glomeruli with such 
changes were few and only in occasional kid- 
neys were they associated with changes in 
the tubules. Comparison of the incidence of 
these structural changes in the kidneys with 
the blood pressures of the animals from which 
they were removed indicated with some de- 
gree of certainty that glomeruli with hyaline 
change were more numerous and that the 
^sociated tubular changes were conspicuous 
in those rats whose blood pressures were in 


the hypertensive range. The structural 
changes were absent or minimal in the kid- 
neys of animals, the blood pressures of which 
were not affected by nephrectomy. 

Survival following removal oj the second 
kidney. The survival times of the rats fol- 
lowing removal of their second kidney are 
recorded in Table II. Removal by dialysis 
of the salts present in the regular diet or the 
use of a salt-free, protein-free diet increased 
the average survival times from 3 to 4.5 days. 
That this prolongation in the survival time is 
due chiefly to the removal of potassium salts 
from the diet is shown by the fact that the 
addition of sodium chloride to the dialyzed 
diet did not affect appreciably the period of 
survival, whereas the addition of potassium 
chloride reduced it to a period comparable to 
that observed with the regular diet. Com- 
plete abstinence from food or the administra- 
tion of 0.9% saline in lieu of drinking water 
also reduced the sur\’ival period markedly. 
The longest sur\’ival observed under optimal 
conditions was 6 days. Comparable results 
have been reported for the dog.'"' The urea 
content of the blood of 18 of the bilaterally 
nephrectomized rats just prior to or at death 
varied from 500 to 1090 mg per 100 cc and 
averaged 748 mg %. These values are ap- 
preciably higher than those reported by 

BGrollman, A., V.^natt.^, J., .aiiF~Muirh«i(b 
E. E., Am. J. JPlii/xiol., 1949, 157, 21. 
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17202. Renal Lesions in Chronic Hypertension Induced by Unilateral 
Nephrectomy in the Rat.* 

Arthur Grollman and Bela Halpert. 

From the J)cpartv\ent of Experimental Medicine, Southwestern- Medical College, Dallas, Texas, 
and the Department of Pathology, University of Oklahoma School of Medicine, Oklahoma City, 

Oklahoma. 


Chronic experimental hypertension induced 
in the rat resembles that observed in other 
species with the exception that the incidence 
of hypertension following operative pro- 
cedures on one kidney or unilateral nephrec- 
tomy is greater than in other species. In the 
dog, for example, chronic hypertension ensues 
rarely following application of a clamp to the 
renal artery, removal of one kidney, or other 
manipulations, if the opposite kidney be left 
intact.^"^ In the rat, on the other hand, 
approximately 20% of animals develop hy- 
pertension following application of a figure- 
of-eight ligature to one kidney or unilateral 
nephrectomy The present study was un- 
dertaken to discover the factors which deter- 
mine whether or not a given animal will de- 
velop hypertension following unilateral opera- 
tion in order to elucidate further the role of 
the kidney in the pathogenesis of this dis- 
order. The effect of unilateral nephrectomy 
on the weight of the remaining kidney and the 
changes produced in this kidney by hyper- 
tension; the changes produced in the heart 
by removal of the remaining kidney; and the 
influence of various tj'pes of diet on the sur- 
vival period of the bilaterally nephrectomized 
rat were also studied. 

Methods. Healthy piebald rats (Evans- 
McCollum strain), one to 2 years old, were 
selected from our breeding colony. The blood 
pressures were determined daily for a period 
of 10 days by the plethysmographic method." 

“Supported by a graut from tlie Medical In- 
suranee Fund. 

1 Grollman, A., Factors Kegulating Blood Pres- 
sure, Trans. Second Conference, FoumlntwHj 

New York, 1948. 

2 Goldblatt, H., Physiol. Rev., 1947, 37, 120. 

3 Ogden, E., Tripp, E., ,and Constant, G., F ed. 
Proc., 1949, 8, 120. 

•» Grollman, .4.., Harrison, T. E., and Williams, 

J. B., Jr., Am. J. Physiol., 1943, 130, 293. 


Under ether anesthesia, the right kidney was 
removed through a lumbar incision from 110 
animals, the blood pressures of which ranged 
between 110 and 120 mm of mercury. Sub- 
sequentlj’^, blood pressure determinations were 
recorded 3 times weekly. The left kidney 
was then removed and the nephrectomized 
animals were subjected to various dietary 
regimes to determine the effects of these diets 
on the survival period. When the rat died 
the heart was removed. The weights of each 
kidney and of the heart were recorded after 
fixation in 10% formalin. A cross section of 
the central portion and a longitudinal section 
of either the distal or the proximal portion 
of each kidney and a longitudinal or trans- 
verse section including both ventricles of the 
heart were imbedded in paraffin, cut, and 
stained with hematoxylin and eosin. 

Residts. Effect on the blood pressure oj 
unilateral nephrectomy. The mean blood 
pressure levels of 100 rats, 3 months follow- 
ing removal of the right kidney, are recorded 
in Table I. The figures indicate that 23% 
of the animals remained normotensive or 
manifested no greater increase in blood pres- 
sure over the preoperative level than the 
limits of experimental error (it 10 mm of 
mercury). The largest group, 57%, as- 
sumed an intermediate position with blood 
pressures up to ISO mni of mercur}', which 
are definitely above normal. The remaining 
20% of the rats developed hypertension of 
notable degree with blood pressures above 
150 mm of mercury. These are essentially 
the same effects previously found to follow 
the application of a figure-of-eight ligature 
to one kidney, the other kidney being left 
intact. Following the removal of the second 
kidney, the blood pressure in those animals 
which survived to the fifth and sixth days 

nA^Ii'iiiis, J. E., Jr., Harrison, T. E., and Groll- 
ni.an. A., .7. Clin. JnrcsI., 1939, 18, 373. 
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Microscopic cliaiigcs in glonieruli and tubules of tlie right kidney (left) removal of %Yhicli 
was followed by pennnnent elevation of blood pressure to IftO mm llg. More extensive clianges 
are seen iu the left kidney (rigiit) of the same rat (R-G4-4S) removed 10 weeks later. X 00. 


pertension results from the elaboration of 
some pressor agent unless one makes the un- 
likely assumption that removal of one kidney 
puts such a strain on the other that it excretes 
a pressor agent.*- When both kidneys are 
unimpaired and one kidney is removed, the 
other may compensate for the removed kid- 
ney and no hypertension results. On the 
other hand, when both kidneys are slightly 
impaired and one kidney is removed, an ele- 
vation in blood pressure ensues. The fact 
that unilateral nephrectomy in the rat more 
frequently results in hypertension than the 
same procedure does in the rabbit*® or in the 
dog** suggests that the rat has less reserve of 
kidney function than do these other e.xperi- 
mental animals. Microscopic examination of 
presumably normal kidneys supports this 
hypothesis. However, the lesions present in 
the rat are not, as commonly stated, a result 
of preexistent pyelonephritis. They resemble 

1- Gnldbl.itt, H., The Renal Origin of Hyperten- 
sion, Clias. C. Thomas, Springfield, 1948. 

iSGrollman, A., Am. .7. Plnjsiol., 1942, 142, GG6. 
«... « Grollmau, A., Am. J. Fltysiol. 194C, 147, G47. 


(Fig. 1) those described by the authors*® in 
rats with chronic hypertension, but are much 
less extensive. As regards the nature of the 
lesions, they apparently are not vascular in 
origin*® but are probably secondarj^ to nutri- 
tional deficiencies in early life. Such de- 
ficiencies induce renal damage*' which, if 
extensive, results in hy'pertension.*® This 
would account for the observation that the 
incidence of spontaneously occurring hyper- 
tension in rats varies and depends on the 
dietary conditions under which they have 
been reared. A group of rats, for example, 
which as weanlings had been used in dietary^ 
deprivation studies, were found to have an 

iSHalpprt, B., .md Grollman, A., Arch. Path., 
1947, 43, 559. 

1® Halpert, B., and Grollman. A., Paoc. Soc. 
Exp. Biol. .vx» Med., 1946, 02, 273. 

w Heller, H., and Picker, S. E., Proc. Pay. Soc. 
Med., 1947, 40, 351; Dessau, P. I., and Oleson, 
J. J., Proc. Poy. Soc. Exp. Biol, ami Med., 1947, 
04, 278. 

J*> Harteroft, W. S., and Best, C. H., Brit. Med. 
J., 1949, 1, 423. 
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TABLE III. 

Relation of Weight of Kidnej's and Heart to Ultimate Blo od Pressure. 

Ultimate mean blood 


pressure in mm Hg 

Up to 120 

120 to 130 

130 to 140 

140 to 150 

Over 150 



Avg wt in 

g per 100 g 1 

of body wt 


Eight kidney 

0.46 

0.46 

0.48 

0.50 

0;49 . 

Left ” 

0.46 

0.48 

0.50 

0.53 

0.55 - 

Heart 

0.31 

0.33 

0.34 

0.36 

. 0.48 


Others/"^ and reflect the much longer survival 
period of our animals which are comparable 
to those reported by Rosenkrantz,” who ad- 
ministered aluminum hydroxide to prolong 
the life of his rats. The longer survival of our 
animals on a regular diet, we attribute to the 
fact that removal of the second kidney was 
accomplished with a minimum of trauma. 

Studies on the rcniahihig kidney and heart. 
The average weight in grams of each kidney 
and heart calculated per 100 g of body weight 
are recorded in Table III. The weights of 
the right kidneys were essentially the same 
in all animals regardless of the ultimate blood 
pressure attained following unilateral neph- 
rectomy. The weights of the left kidneys, on 
the other hand, were increased in proportion 
with the elevation of blood pressure. It will 
be noted that removal of kidneys which on 
microscopic examination were normal re- 
sulted in no increase in weight of the remain- 
ing kidney whereas the kidneys of animals 
manifesting microscopic changes underwent 
maximum enlargement. There was thus no 
correlation between the weight of the first 
kidney removed and the ultimate blood pres- 
sure but a definite correlation between that 
of the remaining kidney and the blood pres- 
sure. The weights of the hearts increased 
proportionately to the elevation of blood 
pressure. This hypertrophy is not reflected 
exactly by the data of Table III since some 
loss of substance was likely to occur during 
the survival following removal of the second 
kidney. Microscopic studies of the left kid- 
neys disclosed no striking differences from 
the right kidneys of the same rats. Occa- 

"TD^n^^eher, sTh., and Dairow, D. C., Am. J. 
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8 Bond}-, P. K., and Engel, F. L., Proc. Soc. 
Exp. Bioii. .4XT> ilED., 1947, 00, 104. 

9 Rosenkrantz, J. A., Proc. Soc. Exp. Biol, akd 
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sional glomeruli seemed larger and the tubules 
perhaps more spacious. This might account 
for the slight increase in weight of the kid- 
ne3'S. Changes also occurred in the left kid- 
neys of those rats in which lesion of the right 
kidneys were minimal or slight. In these, 
glomeruli with h\-aline change were more 
numerous and the associated tubules were 
dilated by a homogeneous, bright pink ma- 
terial and were lined by flat cells. These 
changes were marked only in those rats which 
developed hj'pertension. Typical appearances 
. of the kidnej’S are shown in Fig. 1. Micro- 
scopic studies of the hearts disclosed minimal 
or slight h.vpertrophy of the left ventricle. 
The increase and variation in size of the myo- 
cardial fibers were most marked in the hj'psr* 
tensive rats. Acute changes were superim- 
posed in all 6f the hearts which presumably 
occurred during the period following removal 
of the second kidney. They consisted of 
varying degrees of dilatation of the capil- 
laries with focal areas of extravasation of 
blood and obliteration of the striations of the 
myocardial fibers to a degree of wa.xy change. 
These changes are comparable to those ob- 
served in the nephrectomized dog.^” No acute 
or chronic inflammatory lesions were noted in 
the stroma: nor were there any obvious 
changes in the blood vessels. 

Discussion. The results of the present 
stud}' are compatible with the view' that the 
maintenance of a normal blood pressure is 
dependent on the presence in the organism of 
an adequate renal function.'^ It is impos- 
sible on the other hand, to harmonize the 
present observations with the view that hy- 

10 Jluirlic.ad, E. E., V.niiatt.i, .7., -nid Groiliii;iii, 
A., Arch. Path., in press. 

11 GroIIman, A., Special PuVlications X. Y. 
Acad. Sci., 194C, 3, 99; Factors Rcgulatinfl Blood 
Pressure, First Conference, Macy Foundation, 
New York, 1947. 




Fig. 1. 

Microscopic cliangcs in glonieniH and tubules of tlic right kidney (left) removal of wliieli 
was followed by permanent elevation of blood pressure to ICO mm Hg. More e.vtensive ebanges 
arc seen in tlic'left kidney (right) of the same rat (B-64-4S) removed 10 weeks later. X 00. 


pertension results from the elaboration of 
some pressor agent unless one makes the un- 
likely assumption tliat removal of one kidney 
puts such a strain on the other that it excretes 
a pressor agent.’- When both kidneys are 
unimpaired and one kidney is removed, the 
other may compensate for the removed kid- 
ney and no hypertension results. On the 
other hand, when both kidneys are slightly- 
impaired and one kidney is removed, an ele- 
vation in blood pressure ensues. The fact 
that unilateral nephrectomy in the rat more 
frequently results in hypertension than the 
same procedure does in the rabbit’® or in the 
dog” suggests that the rat has less reserve of 
kidney function than do these other experi- 
mental animals. Microscopic examination of 
presumably normal kidneys supports this 
hypothesis. However, the lesions present in 
the rat are not, as commonly stated, a result 
of preexistent pyelonephritis. They resemble 

12 Gohlblatt, n., The Benul Origin of Hyperten- 
sion, Chas. C. Thomas, Springfield, 1948. 

rsGroliman, A., Am. J. Ph;isioh, 1942, 142, 606. 

” Grollman, A., Am. J. Physio}., 1946, 147, 647. 


(Fig. 1) those described by the authors’'' in 
rats with chronic hypertension, but are much 
less extensive. As regards the nature of the 
lesions, they apparently are not vascular in 
origin’® but are probably secondary to nutri- 
tional deficiencies in early life. Such de- 
ficiencies induce renal damage’" which, if 
extensive, results in hypertension.’* This 
would account for the observation that the 
incidence of spontaneously occurring hyper- 
tension in rats varies and depends on the 
dietary conditions under which they have 
been reared. A group of rats, for example, 
which as weanlings had been used in dietary 
deprivation studies, were found to have an 


ir>Halpert, B., .and Grollman, A., Arch. Path., 
1947, 43, 559. 

IG Halpprt, B., and Grollman. A., Proc. Soc. 
Exp. Biol, and AIed., 1946, C2, 273. 

ir Heller, H., and Dicker, S. E., Proc. Soy. Soc. 
Med., 1947, 40, 351; Dessau, F. I., and Oleaon, 
J. J.. Proc. Soy. Soc. Exp. Biol, ami Med., 1947, 
64, 278. 

Harteroft, W. S., and Best, C. II., Brit. Med. 
J., 1949, 1, 423. 
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incidence of about 20% of hypertension, 
whereas those maintained on adequate diets 
rarely developed the disorder spontaneously. 
The existence of lesions comparable to those 
observed would account for the rises in blood 
pressure observed in the rabbit and dog fol- 
lowing unilateral nephrectomy 

Sumviary. The incidence of hypertension 
following unilateral nephrectomy is recorded 
in 100 rats. The development of hyperten- 
sion was shown to be dependent on the status 
of the kidneys at the time of removal of the 
first kidney. If lesionS are present, hyper- 
tension dev'elops; if absent or minimal, the 
animals remain normotensive. The bearing 
of these observations on current theories as 


to the pathogenesis of e.xperimental lu'perten- 
sion are discussed. 

The effects of unilateral nephrectomy on 
the weight of the heart and remaining kidney 
and the influence of various types of diet on 
the survival period following removal of the 
remaining kidney were also determined. En- 
largement of the heart as a result of hyper- 
trophy, as well as' of the remaining kidney, 
may be correlated with the degree of hyper- 
tension induced by unilateral nephrectomy. 
Removal of potassium from the diet mark- 
edly prolongs the survival period following 
bilateral nephrectomy. 

Received M.ny 3, 1949. P.S.E.B.M., 1949, 71. 


17203. Limiting Essential Amino Acids of Some Legume Seeds. 

Werner G. Jaffe. 

From the Section of Xvtritionai Chemistry, Ministry of Apricnltnrc, Carueas, Vcnccncla. 


Pulses are one of the most important sources 
of vegetable proteins in human diets and 
knowledge of their amino acid composition is 
of interest especially in countries where there 
is insufficient consumption of animal products. 
The present e.xperiments are part of a study 
on the nutritional problem in Venezuela, 
where legumes play a very important role in 
human nutrition. 

The experiments were performed with 
young rats of the Sprague-Dawley strain. 
Each group consisted of 2 male and 2 female 
animals, housed individually in screen-bot- 
tomed cages. In most cases the animals were 
put on the experimental diet at the age of 
3 weeks and weighed about 40 g each; in 
some cases animals weighing about 100 g were 
used. The diets used were similar to those 
described by Russell et al} and contained 
10% of protein and 4-5% of fat, with the 
exception of the soybean diets which con- 
tained 7% of fat. Food and water were 
given ad libitum. All animals received 3 drops 
of liver extract 3 times weekly by dropper; 

1 Bussell, \\\ a, T.a 5 -lor, M. W., Jlelirhof, T. G., 
.Tiid Hirscli, R. R., Fiitr., 194C, 34, 491. 


this amount was sufficient to promote maxi- 
mum growth on a soybean-corn diet when 
tested by a method previously described.- 
Each group received the unsupplemented diet 
for 3 weeks, immediately followed by the sup- 
plemented diet for the same time. In some 
cases the diets were given for 10 periods only. 
Animals were weighed everj' 5 days and food 
consumption was recorded. Digestibility was 
determined for all the legumes studied. Since 
good correlation between growth and protein 
efficiency was observed in accordance with 
the results of. other authors,-’ only weight 
changes are reported. 

The legume seeds were obtained from the 
Genetical Division of the iVIinistry of .Agri- 
culture in Maracay or were purchased from 
the local market. .All seeds -were ground and 
autoclaved at 10 lb. pressure for 20 minutes 
with the exception of the kidney and hyacinth 
beans, which were soaked in water over night, 
autoclaved for 30 minutes at 10 lb. pressure, 

ej.iffd, W. G., Elvplijcni, C A., ,J. liioj. 
chem., 1947. 100, 287. 

3 Ilcgsted. D. M., .311(1 Wwrppstfr, -I-, >1- Fiilr., 
1947, 33, CSS. 
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TABLE I. 

“Wciglit Clianges of Eats Bcccinng Diets Containing Legumes as Only Source of Protein, Witli, or 

AYitliout, yietliioninc Supplementation. 


AVt change/ 
clay/ani- 


Legume 

Scientific name 

Xo. of 

satnpies studied 

AVt change/ 
day/animal 
on basal diet 

uial on diet sup- 
plemented witii 
0.3% methionine 

Black kidiiev beaus 

Phascohis rnlgaris 

4 

0.0 

3.1 

Eed ” * ” 

J 5 J J 

3 

—0.1 

2.5 

AVbite ” ” 

11 Jf 

1 

0,9 

2.6 

Adzuki ” 

” aiignlaris 

1 

1.0 

1.8 

Mung ” 

” auraix 

1 

0.5 

2.3 

Cow peas 

rigna sinensis 

4 

0.3 

1.5 

•Soy be.ins 

Glirinn soja 

3 

1.3 

2.5 

Spilt peas 

Pisiim sativinn 

2 

—0.1 

0.9 

Dried green pc.as 

>3 3 3 

1 

0.2 

1.7 

Lentils 

Lens esculent n 

o 

—0.1 

0.5 

Cliiek peas 

Cicer arietinum 

2 

1.3 

2.9 

Hyacinth beans 

Doltclios lahlah 

o 

—0.3 

4.4 

Pigeon peas 

Cajanm indiciis 

4 

0.2 

0.3* 

Casein 


1 

2.0 

4.2 

* Supplemented 

with 0.0759^' trvptoj>lum 


0.2 


> > 

” ^ and 

0.3% metbionino 

3.1 



then dried and ground. This procedure was 
adapted because these seeds contained a toxic 
principle in the raw stage which has been 
found not to disappear completely after auto- 
claving the dry ground material.'* 

With the exception of soybeans and chick 
peas, none of the legumes studied promoted 
more than very slight growth in rats if present 
in the diet in amount^ 

of protein. Dried _ and 

pigeon peas did not cause good growth even 
when fed together with methionine. Diets 
containing kidney beans or hyacinth beans 
supplemented with methionine promoted as 
good or better growth than did soybeans sup- 
plemented with methionine and comparable 
with casein. 

The data show that under the experimental 
conditions, methionine was a limiting indis- 
pensable a mino add in all the samples. In 

‘'.Tafle, AY. G,, Earpcricntki , 1949, 5, 81. 


the cases where pre\dous studies exist, our 
results are in accordance Avith published 
data.^-''" The results obtained with pigeon 
peas show that the value of the proteins for 
growing rats is limited by both methionine 
and tryptophan, as supplementation with one 
of these alone caused no growth response, 
while a combination of both resulted in en- 
hanced weight increase. 

Summary. The essential amino acid of 
legume seeds limiting growth of young rats 
was methionine in all cases studied, with the 
exception of pigeon peas, in which methionine 
and tryptophan w'ere both limiting under the 
experimental conditions. 

■•■.Block, E. J., and Micliell, H. H., Xulr. Ahgir. 
and J!ev., 194G, 16, 249. 

« Eichardson, L. E., J. Xnir., 1948, 36, 451. 

I Belton, AY. E., and Hoover, C. A., J. Biol. 
Chem., 1948, 173, 377. 

Keceived April 29, 1949. P.S.E.BAlT” 1949, 
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17204. Construction and Application of Shielded Silver "Electrodes with 
Mercury Leads Designed for Prolonged Stimulation Experiments.** 

^V. G. Kubicek, F. J. Kottke, R. B. Hakvey and D. J. Laker. 

From the Departments of Physical Medicine and Physiology, University of Minnesota Medical 

School, Minneapolis,- Minn. 


Prolonged electrical stimulation of the 
nervous sj'stem of conscious animals requires 
shielded electrodes which will not injure the 
nerves or cause undue local tissue reaction. 
The leads connecting the electrodes to the 
external electrical circuit must be capable of 
withstanding the almost continuous motion 
of a normal animal for periods of several 
months. The purpose of this report is to 
describe in detail the construction of elec- 
trodes and leads which have fulfilled the 
above requirements. The production of ar- 
terial hj'pertension by renal artery-nerve or 
splanchnic nerve stimulation with similar 
electrodes has been reported.^”* 

The electrodes are constructed of No. 18 
fine silver wire and are imbedded in a molded 
lucite block (Fig. 1). The silver electrode 
wire is exposed on the inner surface of the 
lucite block to provide direct contact with the 
nerve. The obturator occludes the slot in 
the block after the nerve is in place. The 
hollow stainless steel terminal is filled Avith 
mercury and connected to a mercuqv-filled, 
double lumen rubber tube which provides 
electrical contact to the external electrical 
circuits. 

A double lumen latex tube joined in a Y 
at the stainless steel terminal provides a 
means of flushing and cleaning the mercury 
columns whenever necessarjc IN HCl, fol- 
lowed by water, alcohol and air, is injected 
into one tube, flowing through that tube, 
through the hole in the stainless steel ter- 

* Supported by n grant from tlie Life Insurance 
Medical Research Fund. 

1 Kottke, F. J., Kubicek, AV. G., and Vissclicr, 
M. B., Am. J. Physiol., 1943, 145, 38. 

2 Kubicek, \Y. G., and Ivottkc, F. J,, Fed. Froc., 

1946, o. No. 1. 

3 Kottke, F. J., and Kubicek, AY. G., Fed. Froc., 

1947, C, No. 1. 

■t Kubicek, W. G., and Kottke, F. J., Fed. Proc., 
1947, 0, No. 1. 


minal and out through the second tube. Tlien 
this system is refilled with clean mercury. 

Construction of electrodes. The electrode 
blocks are molded from powdered lucitel at a 
temperature of 175°C and a pressure of ap- 
proximately 1000 Ibs./in.- (Fig. 2). 

Step 1: (Fig. 2, photo 1). The silver ivire 
(b) is wrapped around the mandrel (c) and 
soldered to the stainless steel terminal (a). 
Soldering flu.v designed for stainless steel 
facilitates this step.l 

Step 2: The plate (h) (Fig. 2, photo 4) is 
placed in the bottom of the holder (j). The 
assembly in (1) is then placed in the holder 
(j) with the flat portion of the mandrel (c) 
inserted into the slot in the plate (h). The 
screw (k) is then tightened. The guide (g) 
(Fig. 2, photo's) is now placed in the holder 
(j) and the cylinder (d) (photo 2) is attached 
to the holder (j). The entire ' assembly is 
filled with powdered lucite to about Vs inch 
from the top of the c.vlinder. Tapping the 
assembly will insure complete filling. The 
piston (e) (photo 2) is inserted into the 
cylinder and the complete unit is placed in 
the press. The springs are tightened until 
the}'^ are nearly closed. i The press and mold- 
ing assembl}' is placed in an oven at 175°C. 
After 20 minutes the springs are again tight- 
ened and the entire apparatus is returned to 
the oven for 15 minutes. .After the final 
baking the mold is allowed to cool slowly to 
room temperature before releasing the spring 
tension. When the cylinder (d) (Fig. 2, 

t B. J. DuPont de Nemours Co., Plastic Dept., 
Arlington, N. J. Cryst.il, Color II7500, Coini). 
HG 22, Gran Fine No, II18S70. 

} The Lloyd S. Jolmson Co., 2241 Indi.'iim Ave., 
CIiie.ogo. HI. .St.Tiuiess steel soldering ilu.r. 

$ Filer Spring Co., 037 .Sexton Building, Jfin- 
ne.opolis, Jlinn. .125" wire coil comprc.ssion 
springs, 10 turns 2 inches in length, in-side 
diameter, approximately 91) lbs. to compress spring 
completely. 
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17204. Construction and Application of Shielded Silver "fElectrodes Avith 
Mercury Leads Designed for Prolonged Stimulation Experiments.* 

W'. G. Kubicek, F. J.'Kottke, R. B. Harvey and D, J. Laker. 

From the Departments of Physical Medicine and Physiology, University of Minnesota Medical 

School, Minneapolis, Minn. 


Prolonged electrical stimulation of the 
nervous sj'Stem of conscious animals requires 
shielded electrodes ivhich Avill not injure the 
nerves or cause undue local tissue reaction. 
The leads connecting the electrodes to the 
external electrical circuit must be capable of 
withstanding the almost continuous motion 
of a normal animal for periods of several 
months. The purpose of this report is to 
describe in detail the construction of elec- 
trodes and leads Avhich have fulfilled the 
above requirements. The production of ar- 
terial h 3 -pertension by renal artery-nerve or 
splanchnic nerve stimulation Avith similar 
electrodes has been reported.’”* 

The electrodes are constructed of No. 18 
fine silver AAure and are imbedded in a molded 
lucite block (Fig. 1). The silver electrode 
AAure is exposed on the inner surface of the 
lucite block to provide direct contact Avith the 
nerve. The obturator occludes the slot in 
the block after the nerve is in place. The 
holloAV stainless steel terminal is filled Avith 
mercurjr and connected to a mercury-filled, 
double lumen rubber tube AA^hich provides 
electrical contact to the external electrical 
circuits. 

A double lumen latex tube joined in a Y 
at the stainless steel terminal provides a 
means of flushing and cleaning the mercury 
columns AA'henever necessar^c IN HCl, fol- 
loAved bA^ Avater, alcohol and air, is injected 
into one tube, floAving through that tube, 
through the hole in the stainless steel ter- 

* Supported by a graut from tlie Life Insurance 
Medical Research Fund. 

iKottke, F. J., Kubicek, W. G., and Visselier, 
M. B., Am. d. Physiol., 1043, 14o, 3S. 

e Kubicek; W. G., and Kottke, F. J., Fed. Proc., 

1946, 5, No. 1. 

3 Kottke, F. J., and Kubicek, ^A^ G., Fed. Proc., 

1947, O, No. 1. 

•1 Kubicek, W. G., and Kottke, F. J., Fed. Proc., 
1947, 6, No. 1. 


minal and out through the second tube. Then 
this system is refilled Avith dean mercury. 

Construction of electrodes. The electrode 
blocks are molded from poAvdered lucite f at a 
temperature of 175°C and a pressure of ap- 
proximatel}^ 1000 Ibs./in.- (Fig. 2). 

Step 1: (Fig. 2, photo 1). The silver Avire 
,(b) is Avrapped around the mandrel (c) and 
soldered to the stainless steel terminal (a). 
Soldering flu.v designed for stainless steel 
facilitates this step.! 

Step 2: The plate (h) (Fig. 2, photo 4) is 
placed in the bottom of the holder (j). The 
assembly in ( 1 ) is then placed in the holder 
(j) Avith the flat portion of the mandrel (c) 
inserted into the slot in the plate (h). The 
screAV (k) is then tightened. The guide (g) 
(Fig. 2, photo 5) is noAv placed in the holder 
(j) and the c^dinder (d) (photo 2) is attached 
to the holder (j). The entire ' assembly is 
filled AA’ith poAvdered lucite to about Vs inch 
from the top of the C 3 'linder. Tapping the 
assembly Avill insure complete filling. The 
piston (e) (photo 2) is inserted into the 
cylinder and the complete unit is placed in 
the press. The springs are tightened until 
they are nearh- closed. 5 The press and mold- 
ing assembly is placed in an OA'en at DS'C. 
,'\fter 20 minutes the springs are again tight- 
ened and the entire apparatus is returned to 
the oven for 15 minutes. After the final 
baking the mold is alloAA-ed to cool slowly to 
room temperature before releasing the spring 
tension. When the cylinder (d) (Fig. 2, 

t E. I. DuPont do Nemours Co., Pl.ostic Dept., 
Arlington, N. J. Crystal, Color II7500, Comp. 
H6 22, Gran Fine No. II1SS7G. 

t The Lloyd S. .Tolmson Co., 2241 Indiana Avc., 
Cliieago, 111- Stainless steel soldering flu-v. 

$ EUer Spring Co., 037 .Sc.vton Building, Jliii- 
nenpolis, Minn. .12o" Avire coil compression 
springs, 10 turns 2 indies in length, V/' imside 
diameter, approximately 90 lbs. to compress spring 
completely. 
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g 

Fig. 4. 

Detail drawing of mold parts I and II of Pig. 3 and guide (g) 


(Fig.'S) (photo 5). 




.125’ D 



Fig. 5. 

Detail drawing of electrode terminal and end terminal. 


rounding off the corners and sharp edges the 
ludte is polished and the holes drilled for 
the ligatures (Fig. 1). Lubricating the drill 
with kerosene will facilitate drilling Incite. 
During the molding process a thin film of 
lucite forms over the silver electrode. The 
film is removed with a dental grinder. 

Details of the molding apparatus are pre- 
sented in Fig. 3-7. 


Step 4: Construction oj small double 
lumen latex tubes. Stainless steel wires are 
joined with Wood’s metal (Fig. 8). The 
wires are then dipped into a clay or mica re- 
lease medium, then into a coagulant,! and 
finallj’^ into late.x.t The wall thickness of the 

American Anode Company, Akron, Ohio. Olay 
or mica release medium. No. 545 coagulant 60% 
centrifuged latex (keep latex at pH 9). 
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Fig. 3. 

Assembly drawing of electrode mold. 


photo 3) is removed, a lucite bar (f) is found 
attached to the bottom of the electrode 
block. This bar is twisted off and the guide 
(g) removed. The unit in photo 1 is placed 
astraddle a hole in a piece of wood in such a 
way as to allow the mandrel (c) to be driven 
out with a punch. 

Step 3: Obturators (Fig. 1) are molded 
from powdered lucite by forcing molten lucite 
into a plaster cast of a wax impression of the 
slot in the electrode block. To form a wax- 
impression, the electrode block is first painted 
with an aqueous soap solution. Inlay casting 
wa.x is softened over a flame and forced into 
the slot with pressure applied with the thumb. 
Molten wax is then added to strengthen the 
impression. The e.xcess wax is trimmed off 
leaving small tabs at the comers to act as 
guides on the obturator (Fig. 1). After cool- 
ing under tap water a No. 48 drill is passed 
through the electrode block to remove the 
excess wax protruding into the lumen of the 
block and to shape the obturator in such a 
way as to fill completely the slot in the block 
and to leave the interior of the block smooth 
and cylindrical when the obturator is in place. 

The plaster cast is made in a small metal 


box with mortised joints similar to the mold 
(Fig. 3). The box is .5" deep, .4" wide, and 
.75" long inside with %" walls. A holder 
similar to (j) (Fig. 2) is used to support the 
cylinder (d) and the casting box. The guide 
(g) is not necessary in molding the ob- 
turators. When the box is filled with fine 
thoroughly mixed plaster the surface of the 
wax impression is painted with plaster to 
insure close adherence to the contour of the 
impression. The wax is then immersed, im- 
pression down, in the plaster. After setting, 
the excess plaster is chipped off and the wax 
removed after heating under hot tap water. 
Before filling the cast with lucite the surface 
of the plaster is painted with a sealing agent. !l 
The filling and baking procedure is the same 
as described for the electrodes. The ob- 
turator is formed on the end of a lucite bar 
(f, Fig. 2, photo 3) and is sawed off after the 
plaster has been chipped off. (A weak solu- 
tion of HCl is useful in removing the last bits 
of plaster). The obturator is then slipped 
into place on the electrode block. .After 


II L. D. Caulk Company, >rilford, Dela. AI- 
Gote sealing agent. 
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Detail drawiii" of press, (Fig. 2) (plioto 2). 


straight rubber tube until the hole in the side 
of the terminal coincides with the junction of 
the lumina. Pushing the terminal beyond 
this point and withdrawing to the proper 
position will produce a more reliable connec- 
tion. Two or 3 turns of thread below the 
junction aids in securing the rubber to the 
terminal. 'W'ater-proof cement between the 
rubber tube and the Incite block insures good 
electrical insulation of the terminal. The 
hollow stainless steel terminal for the distal 
end of the tube is filled with mercury (Fig. 
5). With a smooth IS-gauge needle and 
syringe 5 cc of mercury are flushed rapidly 
through the rubber tube and electrode ter- 
minal. Without allowing air to enter either 
lube and with the syringe in place the mer- 
cur\' in the distal terminal is joined bj' co- 
hesion to the mercury in one lumen of the 
rubber tube and the terminal inserted. To 
insure complete filling the needle is re- 



Wood's Meto! Solder 0041" Stainless Steel Wire 


Fio. S. 

Diagram of stainless steel wires used for conslrnefing double lumen late.'c leads. 



Fw. 9. 

Photograpb jllnstrating tlie gravel screen saddle, electrode terminal block, and lamp cord 
connecting the electrodes to tlie stimulator. 
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Fig. 6. 

Pictorial dramng of holder (j) and detail of cylinder (d) and piston (c) (Fig. 2). 


tubes is controlled by the length of time al- 
lowed for deposition of latex on the wires. 
Usually 5 to 10 minutes is sufficient. The wires 
are carefully removed from the late.x and ap- 
proximately one hour allowed for coagulation 
to proceed. The wires and tubes are then 
washed in tap water for one hour, rinsed in 
distilled water, and dried until all white color 
has disappeared. Twenty-four hours at room 
temperature or 12 hours at S0°C will usuallj'^ 
complete the drjdng. The tubes are finally 
cured for 20 minutes at 105°C. The tubes 
are removed quickly from the curing oven 


and the wires separated at the Mmod’s metal 
junction. Later the wires are removed, the 
excess rubber is trimmed off, and the tubes 
cleaned with IN HCl, water, alcohol, and 
dried with air. The tube extending past the 
junction of the lumina should be cut as short 
as possible to insure continuity of the junction 
of the tubes and the hole in the stainless steel 
terminal in the electrode block (Fig. 1). 

Step 5: Assembling the electrode and 
leads. The hollow portion of the electrode 
terminal is filled with mercury with a syringe 
and needle. The terminal is inserted into the 
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tion could be made between urine samples 
containing different quantities of added digi- 
toxin. 

Ten albino rats (average weight 165 g) 
were given 100 pg of digitoxin per kilogram of 
body weight by intravenous injection, and 
their urine was collected for 24 hours. The 
urine samples of 5 of these rats were also 
collected on the second and third day fol- 
lowing injection. Twelve rats (average 
weight 223 g) were given 1000 pg of digitoxin 
per kilogram of body weight and similar urine 
collections were made during the first 24 
hours. Urine collections of eight of these rats 
also were made on the second and third days 
following injection. All urine samples were 
e.xtracted and tested on the duck hearts as 
described above. 

Results. The injection of a moderateli' 
large amount of digito.xin (i.c., 100 pg/kilo) 
into 10 rats was not followed by the detecta- 
ble appearance of digitoxin in the 24-hour 
samples of urine of any of the rats either 24, 
48, or 72 hours after the injection. In view 
of the fact that each rat actually received 
approximately 16.5 pg of digitoxin, absence of 
as much as one microgram of digitoxin in the 
urine indicated that little or no digitoxin was 
excreted by the kidneys of these rats. 

The urine samples, however, collected dur- 


ing the first 24 hours in the 12 rats who had 
received 10 times the above amount of digi- 
toxin (1000 pg/kilo) contained an average of 
6 pg digitoxin (Range, 4 to 10 pg). How- 
ever, none of the urine samples collected 
during the second or third days after injec- 
tion contained a detectable amount of digi- 
toxin (i.c., less than 1 pg). 

Thus,*e%'en in these rats which had received 
a relatively tremendous amount of digitoxin 
(average, 223 pg) the average renal e.xcretion 
of only 6 Mg (less than 3% of the adminis- 
tered dose) again indicates that the renal ex- 
cretion of digitoxin in the rat is negligible. 
These results, however, are not to be con- 
strued as evidence for the negligible excretion 
of other cardiac glycosides in the rat. !More- 
over, these results ma\' not be valid for other 
species in view of the fact that the rat appears 
to react anomalously to the administration of 
digitoxin. 

Couchtsion. A method for the quantitative 
determination of minute amounts of digitoxin 
in urine is described. The renal e.xcretion of 
digitoxin is negligible in the rat. 

Tile .lutliors wish to e.xpress their npprecintion 
to Vivian Seay aiul Fred Miehaelis for their 
techiucal assistance. 
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W. H. IMcShan and Roland K. Mey-er. 

From the Department of Zoology, Vniversity of TTisconshi, Madison, TTis. 


The respiratory enzyme systems, cyto- 
chrome oxidase and succinoxidase, have been 
shown to be associated to a large extent with 
a large granule or mitochondrial fraction 
isolated by differential centrifugation of al- 
kaline water homogenates (Schneider^), and 
saline extracts (Hogeboom, Claude and 

* Supported in part hy the Rese.arch Committee 
o£ the Graduate School from funds supplied by 
tlie Visconsin Alumni Research Foundation. 

1 Selmcider, -VY. C., J. Siol. Chem., 1946, 1C5, 
585. 


Hotchkiss-) of rat liver. Subsequently mor- 
phologically intact mitochondria were isolated 
by differential centrifugation of 0.88 M 
sucrose homogenates of rat liver and kidney 
(Hogeboom, Schneider and Pallade^''*). On 

-Hogeboom, G. H., Claude, A., and Hotehhiss, 
R. H., J. Bioi. Chem., 1946, 163, 615. 

3 Hogeboom, G. H., Selmcider, IV. C., .and Pal- 
l.ade, G. E., Proc. Soc. Exp. Bioi,. axd Mz»., 1947, 
63, 320. 

< Hogeboom, G. H., Schneider, W. C., and Pal- 
lade, G. E., ,7. Biot. Chem., 194S, 172, 619. ' 
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moved with the rubber tube in the ver- 
tical position since the rubber will distend 
slighth'^ due to the pressure of the mercur}' 
column. When the remaining rubber tube is 
complete]}' filled with mercury a metal ob- 
turator is inserted and several turns of thread 
applied tightly around both the obturator and 
the distal terminal. 

Application of electrodes. The splanchnic 
nerves are exposed through bilateral dorsal 
incisions. The nerves are carefully dissected 
free of surrounding tissue. An electrode is 
placed around each nerve and the obturator 
tied in place. Two or three turns of linen 
ligature around the rubber tube and through 
adjacent fascia holds the electrode in position 
so that the course of the nerve is altered as 


little as possible. The mercury' lead is then 
brought through the incision by a circuitous 
route and finally through the skin approxi- 
mately two inches from the spine at about the 
level of the last rib. Anchoring the leads to 
bony structures and fascia at several points 
aids in securing the electrode in the proper 
position and prevents any pull directly on the 
nerve. Small fle.xible wire leads connect the 
mercury leads to a terminal block on the 
gravel screen saddle used to protect the leads 
(Fig. 9). The animal is tied to one end of 
a rectangular cage which allows him to lie 
down or stand at will but prevents turning 
completely around, thus preventing destruc- 
tion of the leads to the stimulator. 

Received April 13, 1940. P.S.E.B.M., 1949, 71. 


17205. Urinary Excretion of Digitoxin in the Rat.* 


jNIeyer Friedman, Rene Bine, Jr., and Sanford 0. Byers. 
(With the Technical .Asssistance of Catherine S. Bland.) 
From Harold Brunn- Institute, Mount Zion Hospital, San Francisco, Calif. 


Heretofore it has not been possible to 
measure the actual renal e.xcretion of digitalis 
glycosides. However, by means of the em- 
bryonic duck heart method, we have been 
able to measure in a quantitative fashion 
minute amounts of digito.xin (Sandoz) in the 
24-hour urine volumes of the rat. 

Methods. The 24-hour urine sample of a 
rat is concentrated to 10 ml volume by boil- 
ing. Three grams of infusorial earth are 
added and the mixture dried at 80° in vacuo. 
The dried residue is broken up with a glass 
rod, SO ml of U.S.P. grade chloroform is 
added, and the mixture is shaken for one hour 
in a mechanical shaker. The chloroform ex- 
tract is separated by filtration through paper. 
The residue on the paper is washed 3 times 
with fresh 10 ml portions of chloroform, the 
solvent being pressed out of the residue after 
each washing. The washings are combined 

* Aided by grants from Tlie Life Insurance 
yiedicat Resrarch Fund, Tlie XT. S. Public Health 
Service, and The Sandoz Chemical IVorhs. 


with the filtrate, the extract is concentrated 
to a small volume by boiling, and is then dried 
at 80°C in vacuo. The dried extract is taken 
up in 1 ml of ethanol by shaking for one hour. 
Ten ml of water is added to the alcohol and 
the solution is concentrated to 1 ml by boil- 
ing. Another 10 ml of water is added and the 
solution again concentrated to 1 ml. This 
concentrated solution is diluted to a final 
volume of 60 ml by the addition of 59 ml of 
Tyrode’s solution (without glucose). Em- 
bryonic duck hearts are e.xposed to this latter 
solution and the time of “digitalis effect”' 
obseiA'ed and the quantity of digitoxin esti- 
mated according to previous!}' described 
methods." It thus was found possible to de- 
tect as well as measure as little as one micro- 
gram of digito.xin added to the 24-hour urine 
sample of the rat. .4 quantitative differentia- 

\ Fricdm.nn, At., .'ind Bine, R., Jr., Pnoc. Soc. 
fjsp. Bloc. AXn Med., 1!)47, C4, 102. 

2 Bine, R., Jr., and Fricdiimn. M., .4m. ./. .Ifrd. 
Sci., 19-18, 2XC. n34. 



Pituitary Granule Gonadotrophin and Enzyme 


409 


TABLE I. 

Gonaflotropliic Activity of Eractions Obtained from Ercsli Eat Pituitary Glands by Higli 

Speed Centrifugation. 


Tot.nl amount of 
fraction injected. 

Kind of fraction nig* 

Korm.al rats 
(4 groups) 

Avg wt ovaries, 
mg 

Castrate rats 
(1 group) 
Avg wt ovaries, 
mg 

A. tVliole bomogenate 

5 

120 (.0)1 

190 (9) 

89 (3)1 

JO 

20 

{a) 

B. Eosidiie (micloi and connective tissue) 

20 

1.0 (10) 

IS (3) 

100 

24 (2) 

47 (2) 

C. Large granule fraction washed once with 

10 

03 (7) 

28 (3) 

0.8S M sucrose 

20 


D. Large granule fraction wa.shcd twice with 
0.97c NaCl 

20 

(A) 59 (3)t 

(B) 10 (0) 

19 (3) 

E. AVashings from large granule fraction 

20 

31 (0) 

33 (3) 

F. Small granule fraction 

10 

20 

87 (0) 

105 (3) 

G. Small granule fraction washed twice with 
0.9 7o KaCl 

20 

15 (3) 


H. "Washings from small granule fraction 

10 


100 (3) 

20 

50 (3) 

214 (3) 

I. Supernatant liquid from centrifuging at 

10 


97 (3) 

15,000 X g 

20 

44 (8) 



* Amount of fraction equivalent to the milligrams of fresli tissue indicated, 
i Figure in parentlicscs indicates number of rats used in assays. 

t The liigli value for tlic first two groups of rats (.A.) is probably due to incomplete extrac- 
tion of tbe granules since a smaller volume of sodium cliloridc solution was used tlian for the 
granules of tlic other groups of rats (B). 

ventional Warburg apparatus according to the 
method used in this laboratorj' (MeShan and 
Meyer'). 

Results and discussion. Succinoxidasc ac- 
tivity. The large granule fractions C ob- 
tained from two groups of normal rats con- 
tained approximately 60% of the total suc- 
cinoxidase activity found in the whole 
homogenates. Fraction C consisted largely of 
mitochondria as shown by e.xamination of 
stained smears. In this connection it is of 
interest that Schneider,' and Hogeboom, 

Claude, and Hotchkiss- reported that 70 and 
74%, respectively, of the succinoxidase ac- 
tivity of rat liver is present in the large 
granule fraction. Hogeboom, Schneider, and 
Pallade' prepared rat liver homogenates in 
0.88 AI sucrose and recovered 65 to 82% of 

iJIcSlmn. \V. H., and Meyer, E. K., Arch. 

Biochem ., IfMG, D, 10.1. 


the succinoxidase activity in the mitochon- 
dria. 

Gonadotrophin. The results obtained on 
assay of the various fractions of rat pituitary 
tissue are summarized in Table I. The re- 
sults obtained with the whole homogenates 
designated as A in Table I show, as is already 
known, that rat pituitary glands contain a 
high level of gonadotrophin, and that the 
level of glands from castrate animals is greater 
than that of glands from normal rats. Ver}' 
little gonadotrophic activiW was retained in 
Fraction B, which consisted of various ele- 
ments such as nuclei and connective tissue. 
These elements comprised a high percentage 
of the solid content of the glands. 

The large granule fraction C consisted to 
a large extent of mitochondria as shown by 
the staining method of Bensley,'^ The small 
granule fraction F contained many fewer 
mitochondria than did fraction C. The re- 
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the basis of these results it seemed that it 
might be possible to isolate granule fractions 
from fresh pituitary tissue, and study them 
not only from the standpoint of their enzyme 
activity but also from the standpoint of 
whether gonadotrophic hormone is associated 
with them. Results of preliminary e.xperi- 
ments using rat pituitary gland are given in 
this report. 

Experimental. .The pituitary glands were 
obtained from 4 groups of 50 to 60 normal 
adult rats (Holtzman strain) and one group 
of 35 adult rats castrated for 3 months. The 
animals were killed by decapitation. The 
glands were removed immediately, dissected 
free of the pars nervosa, and the adeno- 
hypophyses were placed on moist hard filter 
paper in a Stender dish which was kept on ice 
until the collection was completed. The 
glands were weighed and placed in a sharp 
pointed homogenizing, tube that contained 
0.4 ml of-cold 0.88 M sucrose. The tube was 
kept in an ice bath at all times e.xcept during 
homogenization. The glands were finely 
homogenized in 19 volumes of 0.88 M sucrose 
which was the . concentration of sucrose used 
by Hogeboont, Schneider and Pallade.®-'* 

The pituitary homogenates were fraction- 
ated by differential centrifugation in the 
multispeed head of an International refriger- 
ated centrifuge kept at 2°C. The method of 
fractionation as to time and speed of cen- 
trifugation is similar to that reported by 
Schneider^ for the isolation of mitochondria 
from isotonic sucrose (8.5 g sucrose per 100 
ml) homogenates of rat liver. The liver mito- 
chondria were washed with isotonic sucrose 
and they were shown to contain the major 
portion of the succino.xidase activity of the 
homogenates. It should be pointed out that 
the granule fractions isolated from the pitui- 
tar\- homogenates were washed with 0.9% 
Na'ci and this resulted in the separation of 
the gonadotrophin from these fractions. The 
method of fractionation is as follows: 

1. The whole homogenate designated as A 
was centrifuged at appro.ximately 500 X g for 
10 minutes. The opaque extract was removed 
and the residue was washed twice by suspend- 
ing in 0.88 M sucrose and centrifuging in the 
same way. The washings were combined with 


ADOTROPHIN AND ENZYME 

the above sucrose extract. The residue which 
consisted of cell nuclei and other insoluble 
material was designated as B. 

2. The extract was centrifuged at 8,000 X 
g for 20 minutes. The aqueous sucrose e.':- 
tract was removed. The recovered precipitate 
(large granule fraction) was designated as C, 
and it was washed once by suspending in 
0.88 M sucrose and centrifuging. The wash- 
ings were added to the sucrose extract. The 
large granule fraction was suspended in 0.9% 
NaCl and centrifuged. ■ This treatment was 
repeated one time. The w'ashed fraction was 
suspended in NaCl and designated as D, and 
the combined NaCl washings as E. 

3. Fractions containing small granules were 
recovered from the aqueous sucrose super- 
natant fractions of 2 groups of normal and 
the group of castrate rats by centrifuging for 
one hour at 15,000 X g. The small granule 
fraction was designated as F; it was w'ashed 
twice with 0.9% NaCl. The washed granules 
were designated as G, and the w'ashings as H. 
The aqueous sucrose extract from which the 
granules were removed was designated as 1. 

The fractions obtained by the above pro- 
cedure were stained bj' a modification of the 
acid fuchsin methyl green method of Bensley® 
as an aid in estimating the homogeneity of 
the fractions. 

The above fractions were assayed for 
gonadotrophic activity by use of 2 I-da)'-old 
female rats of the Holtzman strain. The 
volumes of the fractions were adjusted with 
saline for purposes of injection. Each rat 
received 0.5 ml of the proper fraction on the 
afternoon of the first day, and 0.5 ml on the 
morning and afternoon of the next 4 days. 
Autopsy was performed on the morning afte; 
the last injection. The ovaries were removed, 
dissected free of other tissues and weighed. 
The qualitative effect as to the presence of 
follicles and corpora lutea was recorded. The 
degree of stimulation of the uteri was also 
noted. 

The succinoxidase activity of the whole 
sucrose homogenate and the large granule 
fraction was determined bj- the use of a con- 

Schneider, Y. U., *1. ITioJ. Chem-, ISIS, 170, 

2Tt9. 

cBenslcv, I?. K., Avt. J, Annt., 1911, 1—, 20/. 
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TABLE T. 


Urinary Excretion of Amino-acid N and Glucose, and Balance X During Periods of Control and 

Insulin Insufficiency.* 


Period 

Balance N, 
mg 

Urine amino-acid N 

% of total 
mg urine N 

Urine glucose, 
g 

.. . ! 

Normal control 

-k57.3 

.9G1 .G 

0 

Diabetic -f- insulin 

-1-14.4 

1.24 .5 

.8G9 

Diabetic no insulin 

— 12G. 

1.29 .0 

0 0 ^ 

* The values represent the average of 9-24 hr collections, 3 from each of 3 rats. 


, TABLE II. 


-Amino-acids and Related Substanecs in Urines of Rats, Demonstrated b\ 

• Paper Chroma- 


tography. 



Ko. of 24 l>v urine samples containing the respective 



amino-acids 



f 

A1 1 oxa ? I ' d i a be t os 

> 

Alloxan-diabetes 


Xormnl control ~}“ insulin 

without insulin 

Amino-acids 

(9 samples) (9 samples) 

(9 samples) 

Aspartic acid 

G 

5 

0 

Glutamic " 

9 

9 

9 

Glycine 

9 

0 

8 

Alanine 

P 

9 

9 

Valine 

3 

3 

1 

Leucine . 

3 

0 

1 

Taurine 

G 

9 

9 

Glutamine 

9 


8 

Unidentified polypopt'^o 

5 

5 

5 


excretion of amino-acids may vary consider- 
ab]_v in conditions that involve disturbances 
of nitrogen metabolism in the body and al- 
terations in renal function. It seemed of 
interest to determine whether ketonemic 
acidosis in the diabetic rat, with greatly in- 
creased cellular catabolism and losses of 
nitrogen from the body, would be character- 
ized by significant changes in amino-aciduria. 

Methods. Alale Rockland Farm rats weigh- 
ing approximately 250 grams w'ere fed the diet 
mixture of Cox and Imboden ® The diet ivas 
thoroughly' mixed to ensure uniformity of 
composition, especially' with regard to the 
nitrogen content of aliquots. .Adequate sup- 
plements of vitamins A and D were given at 
weekly intervals. The animals rvere placed 
in individual metabolism cages designed to 
permit measurement of food intake and for 
separate collection of the urine and feces. 
Urine specimens were collected under toluol 
and preserx'ed by freezing. Alloxan (Bios) 

<5 Cox, W. M., .md Imboden, M., Pboc. Soc. 
Exp. Biol, axd Med., 1930, 34 , 443. 


was administered as a single dose, 50 mg per 
kg body weight, in 2.5% aqueous solution, 
injected intravenously after the rats were 
fasted 12 hours. 

Total nitrogen determinations on diet, 
urine, and feces were performed by the 
micro-Kjeldahl method. Urea nitrogen %vas 
determined by the manometric method of 
Van Sly'ke and Kugel.~ Amino-acid nitrogen 
was determined by' the ninhydrin, carbon- 
dioxide method of Van Slyke, MacFadyen, 
and Hamilton.® The Nelson modification® 
of the Somogyi method was employ'ed for the 
determination of glucose in blood and urine. 
Qualitative tests for acetone in the urine were 
made with a powdered mi.xture of sodium 
nitroprusside, sodium carbonate, and am- 
monium sulfate (Denco test). Paper chrom- 
atographic methods as described by Dent-’-* 

IV.HI Slyke, D. D., and Kugel, V. H., J. BM. 
Chem., 19.33, 102, 4S9. 

^‘A'an Slyke, D. D., MaePadyen, D. A., and 
Hamilton, P, B., J. Biol. Chem., 1943, 150, 251. 

S' Nelson, N., J. Biol. Chem., 1944, 13.3, 375. 
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suits given in Table I show that both these 
fractions contained gonadotrophin, which is 
similar to the results obtained by Catchpole® 
vidio reported that a major part of the gonado- 
trophin of sheep pituitary glands is found in 
the large granule fraction. 

The large granule fraction C plus the small 
granule fraction F of glands from both normal 
and castrate animals contained more than 
50% of the total gonadotrophin. The major 
part of the remaining hormone is found in the 
soluble fraction I, which may be accounted 
for either on the basis of the presence of small 
granules which were not removed by centrifu- 
gation, or by the solubility of the hormone in 
the sucrose. The greater part of the gonado- 
trophin was removed from the granule frac- 
tions C and F by e.vtraction w'th 0.9% 
sodium chloride solution to give fractions E 
and H, respectively. The insoluble fractions 
(D and G) that remained after extraction 
contained little gonadotrophin. Whether the' 
gonadotrophin was e.Ntracted from the gran- 

8 Catchpole. H. K., Abstract, Fed. Proc., 1948, 
7, 19. 


ules or whether granules containing gonado- 
trophin were dissolved is not clear from 
present results. Further work is necessary to 
determine whether the hormone is associated 
with the mitochondria or with granules that 
are recovered with the mitochondria. 

Conclusions cannot be made as to whether 
the FSH and LH activities are differentially 
distributed between the different fractions 
since all the active fractions produced follicles 
and corpora lufea. 

Summary. Appro.ximately 60% of the 
succinoxidase activity of rat pituitary glands 
were found to be associated with the large 
granule fraction, and more than 50% of the 
gonadotrophin of these glands was associated 
ndth two granule fractions isolated from 
sucrose homogenates by differential centrifu- 
gation. The supernatant fraction from which 
the granules were removed contained the re- 
maining gonadotrophic activity.- The gonado- 
trophin can be extracted from the isolated 
granules with isotonic sodium chloride so- 
lution. 

Rceeived Af.iy 24, 1949. P.S.K.B.Jf., 1949, 71. 
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Bruce AlACKLERf and George M. Guest. 

From the Children’s Hospital Eesearch Foundation and the Ttepartmenis of Pediatrics and 
Biolopical Chemisirp, University of Cincinnati, College of Medicine, Cincinnati. 


The experiments reported here were under- 
taken to determine whether the metabolic 
disturbances of allo.xan-induced diabetes in 
rats, -with and without insulin-control, would 
entail an abnormal excretion of amino-acids 
in the urine. 

Paper chromatographic methods developed 
by Consden and Martin' and adapted to urine 
analysis by Dent-“* have greatly’- facilitated 

* Aided by a grant from tlio Nutrition Ponnda- 
tion, Inc. 

t Postdoctorate Research Pellow, National In- 
stitute of Hcaltli, U. S. Public Health Sendee. 

1 Consden, B., Gordon, A. H., and Martin. A. 
J. P., Uiochem. J., 1944, 38, 224. 


the qualitative detection of amino-acids. 
Several investigators applying these methods 
have gathered much new information on the 
abnormal amino-acidurias found in the Fan- 
coni syndrome, acute yellow atrophy of the 
liver," and in progressive muscular dy'S- 
trophv.’ Results of studies on these unrelated 
disorders indicate that the patterns of urinary 

epent C. E., Conterence on Alctabolic A.sjiects 
of Convalescence, Josiah JIaey, .Tr. Poundalion, 
194G, Nov. 1213, 126. 
spoilt, C. E., Eiorhem. 1947, 41, 240. 
r Dent, C. E., Siochem. .7., 1948, 43, 169. 

.lAnies, .S. R., and Risicy, H. A., Pkoo. .Soc. 
E.VP. Bion. Axn JtED., 1948, C3, 131. 
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Seibert ct a]}'-’ have found that the carbo- 
h\'drate content of human serum proteins in- 
creases in cancer and tuberculosis, and Kiazi 
and State^ have confinned this elevation in 
cancer and infectious diseases. These findings 
are in accord with similar results reported in 
the earlier literature by other investigators. 
^Meanwhile, it was shown by Click and co- 
workers that a similar elevation in the level of 
hyaluronidase inhibitor (not the inhibitor 
that is an antibody to hyaluronidase) occurs 
in cancer,' and in a wide variet3^ of both virus 
and bacterial infections.®"^^ Increases of 
hyaluronidase inhibitor in infectious diseases 
were also reported by Thompson,^- Friou and 
IVenner,^® and others. 

It could reasonablj- be supposed that the 
hyaluronidase inhibitor might be associated 
with mucoprotein or carbohydrate compounds 
that could compete with hyaluronic acid for 
the enzyme. This possibility appeared to be 
strengthened by the electrophoretic studies of 
Winzler ct d.,^ which indicated that the iso- 
lated mucoprotein migrated nearer to the 
albumin fraction than to the other plasma 
proteins at pH S.3, and of Click and Moore, “ 
which showed that the hyaluronidase inhibitor 
in the serum migrated chiefly with the al- 
bumin at pH 8.6. 

These considerations, along with the ob- 

* Seibert. F. B., Seibert, JI. V., Atno, A. J., anti 
Campbell, H. AV., J. Clin. Invest., 1947, 20, 90. 

3 Seibert, F. B., PfafI, M. L., and Seibert, 
JI. A’., Arch. Siochem., 1948, 18, 279. 

f'Niazi, S. A., and State, D., Cancer i?cs., in 
press. 

r Ilakanson, E. Y., and Glick, D., J. Nat. Can- 
cer In.it., 1948, 0, 129. 

8 Glick, D., and Gollan, F., J. Inf. Dis., 1948, 

8 . 1 , 200 . 

'3 Grais, M. L., and Glick, D., J, Invest. Der- 
matol., 1948, 11, 259. 

10 Click, D., and Campbell, B., Proc. Soc. Exp. 
Biol, axd Med., 1949, 70, 29. 

11 Grais, M. L., and Glick, D., J. Inf. Dis., in 

press. • 

12 Thompson, E. T., J. Lab. Clin. Med., 1948, 
33, 919. 

13 Friou, G. J., and AVenner, H. A., J. Inf. Dis., 

1947, 80, 185. 

11 Glick, D., and Moore, D. H., Arch. Biochem., 

1948, ID, 173. 


served parallelism in the elevation of both the 
inhibitor and the mucoprotein in the same 
diseases, prompted the present investigation 
of the possibility of their association or 
identit\^ 

Mucoprotein samples of human serum pre- 
pared from perchloric acid filtrates bi' the 
procedure of Winzler ct d.^ showed little in- 
hibitor\r activity per gram of protein com- 
pared to serum. Plasma mucoprotein prep- 
arations isolated by an ammonium sulfate 
procedure'"' which were electrophoreticalh' 
homogeneous also had very little hyaluroni- 
dase inhibitor activitj'. The verj"^ low isoelec- 
tric points of plasma mucoproteins permit 
their electrophoretic separation from other 
plasma proteins at pH 4 or 4.5.'®''" We have 
isolated plasma mucoproteins electrophoreti- 
callj' and tested them for h\mluronidase in- 
hibitor. One such sample which was isolated, 
dial.vzed, and lyophilized had somewhat more 
inhibitory effect but was still much Aveaker 
than fresh serum on an equal total protein 
basis. Adding magnesium ions to these prep- 
arations had no influence. 

In view of the instabilitA’- of the hj’aluroni- 
dase inhibitor, it Avas not felt that its lack of 
identity with plasma mucoproteins Avas estab- 
lished bj’ the foregoing results. The experi- 
ment shoAvn in Table I, hoAvever, shoAvs more 
conclusively that hyaluronidase inhibitor is 
not associated Avith the acidic plasma muco- 
proteins. 

A pooled sample of serum freshly obtained 
from seA'eral patients Avith lobar pneumonia 
AA'as adjusted to pH 4.5 Avith approximateh' 
2 N acetic acid. sample Avas removed for 
the Imaluronidase inhibitor determination, 
and the remainder of the serum was centri- 
fuged to remove the small amount of precipi- 
tate AA'hich had formed. This clarified serum 
Avas then immediately subjected to electro- 
phoresis, AA’ithout any preliminary dialysis, 
against an acetate buffer in sodium chloride. 
The total acetate concentration Avas 0.02 !M, 

ASAVeimer, H., Mcbl, J. A\'., .iiul AYinzler, E. J., 
submitted for jmlilicatioii. 

JC Pctermann, M. P., and Hogness, K. E., 
Cancer, 1948, 1, 104. 

ir Melil, J. AV., Golden, F., .and AVinzler, K. J., 
submitted for publication. 
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were used to detect and identify individual 
amino-acids in all urines. 

Experimental. The results summarized 
here were obtained on 3 rats, each studied in 
3 metabolic periods of 3 or more days: I, in 
normal state during preliminary control 
periods; II, in the diabetic state following 
the injection of alloxan, treated with adequate 
doses of insulin, and III, after withholding 
insulin. Severely diabetic states were induced 
in every animal, as indicated by the rapidity 
of the development of acetonuria, acidosis and 
death within 3 to S days when insulin was 
withheld. The preliminary period I included 
three consecutive 24-hour collections of urine. 
After the administration of allo.xan the en- 
suing diabetic state was controlled by daily 
injections of 1 to 3 units of protamine zinc 
insulin, the doses being adjusted to maintain 
the bod}'- weight constant and to keep the 
urine acetone-free. After the establishment 
of satisfactory control, 24-hour collections of 
urine were resumed and continued through 
periods II and III, until the animal died. 

Data from 3 rats are presented in Table I. 
The individual amino-acids identified by the 
chromatographic method in the urines of the 
3 animals in respective periods are listed 
collectively in Table II. 

Discussion. During periods of severe and 


fatal acidosis in the allo.xan-diabetic rat, de- 
priv'ed of insulin, the pattern of e.xcretion of 
amino-acids in the urine remained essentially 
unchanged, compared with periods of control. 
The ratio of amino-acid nitrogen to total 
nitrogen excreted in the urines remained rela- 
tiveh^ constant, independent of the develop- 
ment of ketosis, acidosis, and increased e.x- 
cretion of total nitrogen. These facts suggest 
the conclusion that although protein catabo- 
lism is increased in allo.xan-indiiced diabetes 
during periods of insulin insufficiency, normal 
metabolic pathwa}'S are utilized, and amino- 
acids are efficiently conserved by the kidney. 
This is in accord with the results of studies on 
human diabetics as reported by Hall.^® 

Summary. Nitrogen balance studies on 3 
male rats during periods of normal control, 
of alloxan-induced diabetes with insulin ther- 
apy, and of fatal acidosis after nithholding 
insulin, are reported. 

The pattern of e.\xretion of urinarj' amino- 
acids, and the ratio of total amino-acid nitro- 
gen to total urinary nitrogen remained essen- 
tially' unchanged throughout the 3 periods, in- 
cluding the terminal stage with greatly' in- 
creased losses of total nitrogen. 

w Hall, D. A., Biocfiem. J. FroceecliiiffS, 1948, 
43, Irii. 

Beceived Marcli 22, 1949. P.S.E.B.M., 1949, 71. 


17208. Lack of Identity of Hyaluronidase Inhibitor and Certain Mucopro' 
teins in Blood Serum.* 


Da-vid Click, Robert A. Goon, Vincent C. Kelley, Richard J. IVinzler, 

and John W. Mehl. 

From the Departments of Physiological Chemistry and Pediatrics, University of Minnesota 
Medical School, Minneapolis, and Department of Biochemistry and Bntntion, University of 
Southern California, School of Medicine, Dos Angeles. 


Winzler and co-workers^-- obser\'ed that 


* Aided by a grant from tlie National Cancer 
Institute, U. S. Public Health Service, Betbesda, 
Md., and by the Committee on Growth of the Na- 
tional Eesearch Council, acting for the Amenc.an 
Cancer Society. 

1 W'inzler, E. X, Devor, A. W., Mehl, X 'W,, and 
Smyth, I. M., X Clin. Invest., 1948, 27, 009. 


elevations of plasma mucoprotein levels occur 
in patients with cancer and pneumonia. 
Prinzmetal et al? have noted a similar in- 
crease in patients with myocardial infarctions. 

~Tm^er, B. X, and Smyth, I. M., X Clin. 
Invest., 194S, 27, 017. 

3 simpkin, B., Bergman, H. G, and Prinzmetal, 
M., Am. X Med., 1949, in press. 
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TABLE II. 

Mucoprotei n and Hyaluronidnse Inliibitor Levels in '‘Lipoid Ncplirosis.” 

Mean mueoprolciii- ^leaii % Iiyaluronidase 
tyrosine it std. inhibition tr std. error 

Group of Age error of mean of mean per 0.02 

cliildren No. range (mg ml fresh serum 


Normal 40 1-15 21.2 d; 0.9 

” 55 1-15 2.2 ±0.1 

Nephrosis 9 1.5 ± 0.1 50.0 ± 3.7 


T.ABLE III. 

Hyaluronidase Inhibitor .and Mueoprotein Lerels in Miseellancous Conditions. 

Mueoprotcin-tyrosine % hyaluronidase inhibition 


Dise.ise of child 

-Age 

(mg9t) 

per 0.02 ml fresh serum 

Acute poliomyelitis 

12 

4.2 

44 

.Acute lymph.itie leukcmiji 

8 

9.4 

29 

Metastatic neurohlastema 

1.3 

9.8 

5G 

Inactive rlieuniatic fever 

IG 

5.1 

11 

Upper respirator.v infection 

11 

2.G 

31 

Normal 

5 

3.8 

23 

j , 

12 

2.6 

33 


children with nephrosis, which will be re- 
ported in detail elsewhere bj’ Good, Kelley, 
and Click, a further lack of correlation be- 
tween the mueoprotein and inhibitor content 
of untreated sera was found (Table II). In 
this series the mueoprotein values measured 
by the method of Winzler et al} were 32% 
less than the normal, while the inhibitor 
values were 167% greater than the normal. 
In other diseases, too, widely divergent serum 
values were found, as illustrated by a few 
examples given in Table III. 

It is therefore clear that there is no identity 
of the hyaluronidase inhibitor and the acidic 
mucoproteins of blood serum as separated by 
electrophoresis at pH 4.5, by precipitation 
from perchloric acid filtrates, or bj-^ am- 
monium sulfate fractionation. This does not 
negate the possibility that the inhibitor may 
be found in other mueoprotein or glycoprotein 
components, nor is it at variance w'ith the 
striking statistical correlation that has been 
observed between the elevation of serum 
mueoprotein and hyaluronidase inhibitor in 
cancer and infectious diseases. 


Summary aud condmions. 1. Eleotro- 
phoretically and chemically separated frac- 
tions of human serum containing high con- 
centrations of mucoproteins showed no in- 
crease in non-specific hyaluronidase inhibitor 
when compared to native serum or other 
mucoprotein-poor fractions of serum. 

2. In children suffering from ‘‘lipoid 
nephrosis” the hyaluronidase inhibitor levels 
of the serum were higher while the muco- 
protein levels were significantly lower than 
normal. 

3. In spite of the striking statistical cor- 
relation existing between the serum levels of 
mueoprotein and non-specific hyaluronidase 
inhibitor in a wide variety of human diseases, 
marked disparity in the serum levels of these 
substances occasionally occurs. 

4. On the basis of these findings the lack 
of identity of the non-specific hyaluronidase 
inhibitor and these serum mucoproteins is 
pointed out. 

Received June 1, 1949. P.S.E.B.M., 1949, 71 . 
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Hyaluronidase Inhibitor and Serum Mucoproteins 


TABLE I. 

Ilyaluroiiidnse Inhibitor in Mucoprofcin Co»eenti;itcs. 


Sample 

mg % 

mucoprotein-tj-rosine 

% In-almonidasc inliibifioii 
- per O.O'l ml 

Xormal scrum 

2 2 

21.2 

Pooled pneumonia serum frozen 
immediatelj’ 

14.0 

59 

Same adjusted to pH 4.5 and frozen 

12.0 

11 

Same adjusted to pH 4.5 centrifuged 
and supernatant frozen 

11.8 

8 

Same adjusted to p.H 4.5 centrifuged 
and supernatant held in elcctro- 
lihorcsis bath during experiment 

13.3 

5 

Compartment I (acidic mucoproteins) 

11.4 

g 

Compartment II (normal globulin and 
mucoprotein with reduced globulin) 

10.5 

13 

Compartment III (globulins, no 
mucoprotein) 

.0.8 

8 

Compartment IV. I-Tormal albumins 
and globulins (reduced mucoprotein) 

0.7 

0 


the ionic strength 0.1, and the pH was 4.5 at 
22 °C. A 4-compartment cell was employed, 
and compensation was used as needed to keep 
the upper edge of the albumin boundary at 
the middle junction of the cell on the side 
towards the anode. The electrophoresis ex- 
periment was terminated when the fastest 
mucoprotein component had reached a point 
about 2/3 of the distance up the upper half 
of the anodic limb (compartment I). At the 
same time, the most rapidly moving globulin 
had reached the top of the upper half of the 
cathodic limb (compartment III). 

At least 3 positively-charged components 
migrated toward the negative electrode — the 
fastest with a mobility corresponding to the 
major mucoprotein component. Compartment 
I contained only these acidic components and 
when removed, the concentration of these 
components should have been 1/2 to 2/3 that 
in the serum. Compartment II was the lower 
half of this arm and contained mucoprotein 
and albumin in the original concentration 
with somewhat reduced amounts of globulin. 
Compartment III ivas the upper section of 
the arm ascending to the negative electrode 
and contained the globulins and very little 
albumin or mucoprotein. Compartment IV 


was the lower section of this arm and con- 
tained globulins and albumin at original con- 
centration with a reduced mucoprotein con- 
centration. These samples were frozen im- 
mediately after the electrophoretic separation 
and were kept frozen until analj'sis of hyalu- 
ronidase inhibitor in order to prevent deteri- 
oration. Appropriate controls were also car- 
ried as is indicated in Table I. The muco- 
protein levels were carried out using the 
t 3 ’'rosine and carbohydrate determinations 
previousl}' described^ and the hjmluronidase 
inhibitor was determined as described ear- 
lier.*-’® The data of Table I show that there 
is no correlation between the hj-aluronidase 
inhibitor activity and the mucoprotein content 
of the various samples — the sample from com- 
partment III, containing little or no acidic 
mucoprotein, having as much inhibitor as 
other compartments. The partial inactiv-ation 
of the inhibitor resulting from adjustment to 
pH 4.5 does not serious!}^ affect our conclu- 
sion that the hyaluronidase inhibitor and 
acidic plasma mucoproteins are not asso- 
ciated. 

During the course of a studj' on serum from 
IS IV.-ittcnbt-rg, L., .-ind Click, I)., J . BM . Chem ., 
in press . 
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Biotin-Carbohydrate 

possible from complete polymerization of the 
■dextrose component. 

The inocula were prepared by incubating 
the cultures for 24 hours at room tempera- 
ture in 5 ml of the complete basal medium 
(Table I) to which biotin was added in the 
low concentration of 0,01 per liter. The 
bacterial cells were centrifuged from the 
medium, resuspended in a double volume of 
sterile saline, recentrifuged and again resus- 
pended in sterile saline to make a 1:12 dilu- 
tion of the original culture. By means of a 
sterile syringe (20-gauge needle) one drop 
■of this diluted inoculum was added to each 
3 ml tube of medium. In the case of experi- 
ments involving Lcuconostoc the tubes after 
inoculation were incubated for 72 hours at 
a constant temperature of 25° C. 

As an organism requiring biotin Lacto- 
bacillus arabiuosus 17-5 was also emploj'-ed 
in this investigation for the purpose of com- 
parison and assay. The culture was grown 
in the same basal medium and the inoculum 
was prepared in the same manner as described 
for the Ltuconosloc. Each tube, however, 
was incubated at 37°C for 72 hours. 

The rate of growth of all organisms was 
measured by titration of each tube of medium 
nith standard alkali, bromthymol blue being 
used as indicator. The results, corrected for 
the blank titration of uninoculated controls, 
are expressed in terms of ml of 0.01 N acid 
produced per ml of culture. 

Results and Discussion. The presence of 
biotin in sucrose has been reported by various 
investigators."-^ To verify the obserx'ation 
that Lcuconostoc require biotin for growth 
in glucose and fructose media, but not in a 
sucrose medium, a sample of the disaccharide 
was hydrolyzed with acid to invert sugar, 
Kreuger and Peterson" have shown that auto- 
claving for 2 hours at 15 lbs pressure with 
2 N acid did not destroy biotin added to 
media. It therefore seemed safe to assume 
that the conditions employed here, 80 minutes 

ajacicson, W, R., and llacek, T. 3., Ini. Eng. 
Chetii., SO, 201. 

* Hall, H. H., Paine, H. S., and F.-ibian, F. Vf., 
Food Research, 1947, 12, 99. 

2 Kreuger, K. K., and Peterson, TV. H., J. Sact., 
194Sj G93. 


Interrelationships 

refluxing at atmospheric pressure with 0.1 N 
acid, would not destroy any biotin present 
in the sucrose samples. 

The .ability of the 3 strains of Lcuconostoc 
to grow in media containing sucrose, or the 
same sucrose hydrolyzed by acid, was deter- 
mined both in the presence and absence of 
added egg white. The results given in Table 
II show that whereas satisfactorj- growth 
occurred both in the sucrose and hydrolyzed 
sucrose media, added egg white was strongly 
inhibitory in the medium containing invert 
sugar. In contrast, in the sucrose medium, 
egg white inhibited growth only partially and 
then to a degree approximately inversely 
proportional to the yield of dextran. L. dex- 
iranicum 8086 u-ith a dextran \-ield of 33%, 
was markedly inhibited by egg white, whereas 
L. dextranicum elai. which forms a theoretical 
yield of the polysaccharide, was insensitive 
to the biotin-binding action of egg white. 
L. nicsenteroidcs 683 occupied a middle posi- 
tion both which respect to dextran yield and 
inhibition by egg white. Thus, to the degree 
that a strain of Lcuconostoc utilizes sucrose 
via the mechanism resulting in dextran syn- 
thesis, it appears to be free of a requirement 
for biotin. 

The ability of the Lcuconostoc strains to 
grow in glucose or fructose media in the 
presence or absence of egg white also was 
determined. The low level of growth observed 
in the basal media without added biotin was 
suppressed by egg white in the cases of 
L. de.xtranicum 8086 and L. mesenteroides 
683, Growth of L. dextranicum elai was in- 
creased by the added egg white. Shorb® has 
reported the presence of small amounts of 
vitamin Bj; and the T. J. factor in egg white. 
In separate e.xperiments, L. dextranicutn elai 
was found to be stimulated slightty by vita- 
min Bi^t and to respond strongly to tomato 
serum as a source of the T. J. factor. The 
obsen'ed stimulation by egg white thus ap- 
pears to be due to its T. J. factor content. 

Reversal of egg white inhibition by added 
biotin also was demonstrated. In order to 

cSliorb, M, S., Science, 1948, 107, 397. 

t tVe are indebted to Merck and Company, 
Kalnvay, X. J., for a sample of crystalline -ritamin 
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17209. Biotin-Carbohydrate Interrelationships in the Metabolism of 
Leuconostoc* - 


From the 

During an investigation of the direct 
utilization of sucrose by Leiiconostoc^ it was 
found that the organisms apparently did not 
require biotin when the disaccharide was em- 
ployed, but the presence of the vitamin was 
essential for growth when the constituent 
monosaccharides were used in the media. 
Because a variation in vitamin requirement 
as a function of carbohydrate source was not 
found reported in the literature, and because 
it appeared to offer the possibility of recog- 
nition of a new function of biotin, the observa- 
tion was investigated further. 

Experimental. The basal medium employed 
had the composition given in Table I. With 
the exception of the carbohj^drate component, 
the basal medium was made up in 3/2 
strength, distributed in 2 ml amounts in 10 
X 100 mm test tubes closed with cotton plugs, 
and sterilized S minutes at IS lb. pressure. 
The carbohydrate component was made up 
in triple strength, sterilized by Seitz filtration, 
and added, aseptically, in 1 ml volumes. If 
other additives were involved, c.g., oleic acid 
or egg white, these were included in the car- 
boh 3 'drate solution so that the final volume 
per tube remained constant at 3 ml. 

Four sugar sources were employed: Sucrose, 
glucose, fructose and acid hydrolyzed sucrose. 
In the case of the first 3 sugars, the final 
concentration of 5% consisted of 90% of 
Seitz sterilized sugar and 10% of the same 
sugar sterilized in neutral phosphate buffer 
for 15 minutes at IS lb, pressure. The re- 
sulting 0.5% concentration of heat sterilized 
sugar served as a source of the stimulator}' 
materials reported to be necessary for the 
growth of many lactic acid organisms." In 

^ Preseuted in p.irt before tlie thirty-third an- 
nual meeting. Federation of American Societies 
for Experiment.al Biology, Detroit, April 1949. 

■ 1 Carlson, W. tV., and 'WJiiteside-Carlson, V., 
Fcfl. Froc., 1949, 8, 189. 


College of Alabama, Birmingham, Ala. 


TABLE I. 

Composition 'of Basal Medium. 


Cone, per liter 

Constituent g . mg 


Carbohydrate 

50 


Casein hydrolysate 

5 


Cj'steine 


100 

Tryptophane 


100 

Phenylalanine 


50 

Tyrosine 


50 

-Adenine 


10 

Xanthine 


10 

Guanine 


10 

Thymine 


10 

Uracil 


10 

Nicotinic acid 


1 

Riboflavin 


0.5 

Thiamin chloride 


0.5 

Calcium pantothenate 


0.5 

Pyrido.xine 


0.4 

p-Aminobcnzoic acid 


0.1 

Folic acid 


0.01 

NaOAc 

25 


NH4CI 

5 


Mg.SO. • 7HoO 


100 

NaCl 


10 

FeS04 


10 

MnSOj 


10 

KH..PO4 


500 

K2HPO4 


500 


the remaining instance sucrose was h\'dro- 
lyzed with 0.1 hi HCl under reflux for SO 
minutes, neutralized with KOH and passed 
through a Seitz filter. 

Three strains of Leuconostoc were used in 
this investigation: L. mesent oroides 683, L- 
dcxtranicum elai, and L. dc.vtraniaim 8086 
(ATCC). Of the various strains available 
these were selected because of the wide varia- 
tion in their respective dextran sjmthesizing 
capabilities. L. dcxtranicum clai consistent!}^ 
gives yields of dextran approximating com- 
plete conversion of the dextrose half of the 
sucrose molecule into the polysaccharide. The 
yields routinely obtained with Z. mesent oroides 
683 and L. dcxtranicum 8086 were, respec- 
tively, 65% and 33% of that theoretically 

2 Drift Jensen, S., J. Soc. Chcni. IvO., 1933, o—, 
3T4. 


Wabner AV. Carlson and Virginia Whiteside-Carlson. 

(Introduced by Emmett B. Carmichael.) 
Department of Biochemistry, Mcelical 
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TABLE III. 

Ass ay of Biotin Level of Various Cnrboliyilrato Media with LactohacUUis araltmsus. 

ml 0.01 IlC XaOH per ml medium 


Hydrolyzed 


Additions to basal medium 

Sucrose 

siierose 

Glucose 

Fructose 

None 

1.4 

4.3 

1.7 

0.7 

Biotin 0.00005 fig per nil 

4.6 

8.8 

4.0 

5.2 

Biotin 0.0005 fig per ml 

19.0 

23.3 

23.3 

16.6 

Egg white 0.2 ml per tube 

0.0 

0.2 

0.2 

0.1 

Egg white 0.2 nil per tube 

Biotin 0.01 /ig per ml 

23.3 

25.2 

26.7 

20.1 


way leading to polysaccharide synthesis. 

An attempt was made to estimate the 
amount of the vitamin in the various carbo- 
hydrate media by means of a standard biotin 
assay organism, Lactobacillus arabiiiosus 17-5. 
The results, briefly summarized in Table III, 
show that only a low level of growth was 
obtained with any of the carbohydrate media. 
Egg white suppressed this low level of gro\rth, 
complete reversal of the inhibition being 
observed with added vitamin. Added to the 
basal media at a level of 0.00005 pg per ml, 
biotin caused a definite stimulation of growth, 
a nearly maximal effect being obtained at a 
level of 0.0005 fig per ml. These results 
indicate that Lcuconostoc respond to ver\' 
low levels of biotin. 

To test the possibility that Lcuconostoc 
synthesize biotin, the cultures were gronm in 
the sucrose and invert sugar basal media for 
72 hours. The cultures were then sterilized 
for 15 minutes at 15 lb pressure and aliquots 
of the resulting solutions added to tubes of 
the glucose basal medium, after which thei' 
were inoculated with L. arabiiiosus. Repre- 
sentative titration figures, as obtained with 
the material from the growth of L. mcsenter- 
oidcs 683 in sucrose and invert sugar media 
were, respectively, 1.5 ml and 5.2 ml. Thomp- 
son^ has reported that organisms that syn- 


thesize biotin release the vitamin into the 
medium. Since essentially no stimulation of 
the growth of L. arabiiiosus by L. mcscn- 
fcroidcs culture solutions was observed, it 
appears unlikely that Lcuconostoc synthesize 
biotin. It is therefore concluded that the 
observed difference in the biotin requirement 
of Lcuconostoc in a sucrose medium, as com- 
pared with the requirement in media con- 
taining the constituent monosaccharides, is 
real. Information concerning the metabolic 
pathway in invert sugar, glucose, or fructose 
media, as compared with the pathway in a 
sucrose medium which leads to polysaccharide 
synthesis, thus may suggest a function for 
biotin in addition to those presently known.^® 

Summary. With 3 strains of Lcuconostoc 
it was found that biotin was required for 
growth in media containing invert sugar, glu- 
cose, or fructose. In a sucrose medium the 
organisms were free of a biotin requirement 
to the degree that the disaccharide was utilized 
via the mechanism resulting in dextran syn- 
thesis. 

® Tliompson, B. C., TTniv. of Tex.^s Publ. 4237, 
1942, p. 87. 


n'Coucli, .T. B., CraTons, W. IV., Elvelijem, 
C. ,A., and Halpin, J. G., Arch. Biochcm.. 1949, 
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Biotin-Carbohydrate Interreiationships 


TABLE ir. 

Effect of Egg WJiife, Biotin and OJeic Acid on the Growfli of Lcuconostoc in Various 
Carboliydrate Media. 


Additions to 
basal medium 

Test organism 

ml 0.01 A' iVaOH per ml medium 

r — — 

Hydrolyzed 

Sucrose sucrose Glucose Fructose 

None 

L. eiczironkam 8086 

12.3 

9.7 

1.1 

1.5 


L. mcscntcroides 683 

9.7 

11.6 

1.0 

2.0 


i. (iextranicum elai 

7.2 

5.8 

0,7 

0.3 

Egg white 

L. (ieztranicnm 8080 

2.4: 

0.7 

0.1 

0.1 

0.2 ml 

■ L. mcsentcroides 683 

5.7 

0.4 

0.6 

0.4 

per tube 

L. dextraniewn elai 

7.1 

2.5 

1.9 

2.6 

Egg wliitc 

L. dcxtranicum 8086 



12.0 

11.2 

8.5 

0.2 ml 

L. mcscnteroides 683 

— 

7.2 


13.4 

per tube 

Biotin 0.01 
fig per ml 

X. dcxirnniciim elai 


7.3 

3.5 

7.S 

Oleic aeid 

L. dcxtranicum S0S6 

11.6 

8.4 

4.0 

2.5 

5 fig per mi 

i. me.fenicraides 683 

11.9 

11.3 

4.7 

6.2 

L. dcxtranicum elai 

0.2 

0.9 

0.1 

0.9 

Egg white 

L. dexiranienm 8086 

8.6 

0.2 

0.1 

0.1 

0.2 mi 

L. mcscntcroides 083 

7.7 

0.3 

0.1 

0.2 

per tube 

Oleic acid 
y fig per ml 

i. dcxtranicum elai 

1.9 

2.0 

0.2 

O.P 


eliminate variables such as activity of the 
inoculum, the data for Table II were all 
collected at one time. Tubes corresponding 
to the addition of both egg white and biotin 
to the sucrose medium were not included in 
this experiment. From results of other experi- 
ments, however, it can be stated that added 
biotin reverses such variable inhibition of 
growth in sucrose media as occurs with the 
various strains of Lcuconostoc. Slight stim- 
ulation over the growth observed in the basal 
medium without added biotin was customarily 
found, traceable to the presence of stimula- 
tory factors in egg white. 

Oleic acid is regarded as a probable product 
of biotin activity and is stated to be capable 
of substituting for the vitamin in the case 
of certain lactic acid organisms.''® The effect 
of oleic acid, at a level of 5 ^ig per ml, was 
determined for the various types of carbo- 
hydrate media given in Table II. L. dcxtran- 
kum elai showed a marked sensitivity to 


T Williams, V. E., .and Fipgcr, E. 
CJiem., l‘)4G, ICC, 335. 

SBoquist, H. P., iiTid Snell, E. E., J. 
1948, ITS, 435. 


A., J. Eiol. 
Biol. Cliem., 


oleic acid, growth being almost completely 
inhibited in ail the media emphyed. With 
the other two strains of Lcuconostoc, oleic 
acid produced little effect in sucrose or 
hj'drolyzed sucrose media. Growth in glucose 
and fructose was stimulated, demonstrating 
an ability of the substance to partially re- 
place the biotin requirement of the organisms. 
Reversal of egg white inhibition by added 
oleic acid occurred only with L. nicscntcroidcs 
683 and L. dcxtrankum 8086 in sucrose me- 
dium. In the case of L. dcxtrankum elai, the 
toxicity of oleic acid was reversed to a small 
extent by added egg white. Failure of oleic 
acid to reverse egg white inhibition in media 
containing invert sugar, glucose, or fructose, 
as compared with the result obtained m the 
sucrose medium, suggests that utilization of 
the intact disaccharide follows a different 
metabolic pathway. 

The resuhs given in Tabie JI nre taken to 
indicate that sucrose does contain traces of 
biotin, these small amounts of the vitamin 
facin'^ important to growth of the organisms 
in the invert sugar medium, and also in the 
sucrose medium to the e.vtenf that utilization 
of the disaccharide does not follow the path- 
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17210. Effect of Dihydroergocornine on the Heart.*' 

D. ScHERF, A. Perlman and M. Schlachman. 
From the Department of Medicine, The New JorTc Medieal College. 


In a previous study it was shown that 0.5 
mg of ergotamine tartrate or dihydroergot- 
amine 45 injected intravenously would cause 
inverted T waves in patients with organic 
heart disease to revert to normal.^ Seven of 
the 19 patients studied developed these signifi- 
cant electrocardiographic changes under the 
influence of these drugs and in 5 patients 
severe anginal pain occurred. This effect was 
attributed to a direct vasoconstrictor action 
of the ergotamine preparations on the cor- 
onary arteries. The- experiments were re- 
peated after blockade of the autonomic gan- 
glia with letraethylammonium chloride. Six of 
the 10 patients who received ergotamine tar- 
trate in addition to letraethylammonium 
chloride developed normalization of the pre- 
viously inverted T waves. Changes in the 
repolarization of the heart muscle induced by 
the coronary vasoconstriction were assumed 
to be responsible for these electrocardiographic 
changes .- 

The present study was undertaken to show 
the influence of dihydroergocornine (DHO 
180) on the electrocardiogram of patients 
with left ventricular hypertrophy secondary to 
hypertension or aortitis. 

Blaterial and Method. Of the 24 patients 
examined 6 had a history of anginal pain and 
S had syphilitic aortitis with marked electro- 
cardiographic changes so that involvement of 
the coronary ostia could be assumed to exist. 
All patients had the pattern of left ventricular 
h 3 "pertrophy with a depressed RS-T segment 
and inverted T waves in lead I and high R 
waves with similar changes of RS-T and T 
in lead CFs. 

After 30 minutes of bed-rest a control 
electrocardiogram and the blood pressure -were 

* We are indebted to Dr. Henze of the Sandoz 
Chemical Company for the supply of DHO 180, 
used in this study. 

1 Scherf, D., and Sclilaclmian, M., Jm. J . Med. 
Science, 1918, 21C, 673. 

2 Schlachman, JI., and Scherf, D., Am. Heart J., 
1949, in press. 


recorded. Then 0.5 mg of dihydroergocornine 
was injected intravenously and the blood 
pressure readings and the electrocardiogram 
were repeated after 1, 5, 15, and 30 minutes. 
Standard leads as well as CF^ and CF; were 
taken. 

Results. In all cases the electrocardiogram 
remained unchanged throughout the period 
of investigation. The position of the RS-T 
segment did not change and the inversion of 
the T waves remained the same (Table I). 
The blood pressure fell in most patients and 
this fall seemed to be more pronounced the 
higher the initial blood pressure was. 

The constancy of the electrocardiographic 
pattern was even more remarkable since 11 of 
the 24 patients were 65 years old or older. 
Anginal pain did not appear even in those 
patients who had suffered from it before 
admission. No untoward sjmiptom or reac- 
tion developed in any of the 24 patients. 
Careful observation did not reveal any changes 
apart from the change in the blood pressure. 

Discussion. This investigation was under- 
taken because of the report that dih}'droergo- 
cornine does not produce vasoconstriction in 
the S3'mpathectomized limb and represents 
the first pure S 3 'mpathicoIytic derivative of 
ergot.® It belongs to the group of ergot 
alkaloids which combine a peripheral sym- 
pathicolytic action on the receptors in the ^ 
vessels with a central nervous effect which 
diminishes vascular tone.* 

In view of the recommendation of this drug 
for the treatment of peripheral vascular dis- 
eases and certain forms of hypertension* it 
seemed desirable to ascertain whether it pro- 
motes anginal pain and whether it has a con- 
strictor effect on the coronary arteries. Our 
studies indicate that such effects are absent 
and that in contrast to ergotamine tartrate 
and dih 3 'droergotamine tartrate the drug is 

3 Dluutsclili, H. J., aitd Goetz, It. H., *-Iui. Heart 

1948, 35, 873. 

■tKappert, A., Helvetica Med. Acta, 194.9, 
Suppl. 22. 
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not contraindicated in patients with coronary 
disease. 

Suvtmary. The intravenous administration 
of 0.5 mg of dihydroergocornine to 24 patients 
with left ventricular hj'pertrophy caused no 
electrocardiographic changes indicative of 
coronary vasoconstriction. Although 6 of the 
24 patients suffered from .anginal pain and 


many more certainly had coronarj' disease, no 
angina pectoris followed the injection. 

This particular alkaloid of ergot seems to 
be a safe drug in patients with coronary artery 
disease. 

Received May 23, in49. 1949, 71. 


17211. Cultivation of Pseudorabies Virus in the Yolk Sac of the Develop 
ing Chick Embryo. 

Mohammed Said El. Sabban. (Introduced by James A. Baker.) 

From llic Drparivicni of PnUiohifiy tnul JSacierioloqiu Sow Yorl: Shite Vcleriiuini Cotlepe, 
Coriieff C'iiirfr.s-ity, Ithaca, X. 1'. 


Successful cultivation of pseudorabies on 
the chorioallantoic membrane of embryonated 
eggs has been achieved by a number of work- 
ers,’"*’ several of whom propagated the virus 
in serial transfer for more than 50 passages. 
They noted that the titer of virus increased 
with continued passage, ability to kill embryos 
was gained and a lengthened incubation period 
for laboratory animals was acquired. The 
virus, however, invariably produced fatal 
infection. .Mthough no reports were found 
that related to the cultivation of pseudorabies 
virus by the yolk sac method of Cox," the 
attenuation of rinderpest by Jenkins and 
Shope** and of Newcastle virus b}' Beach” 
prompted the hope that cultivation in this 
manner might modify pseudorabies virus also. 

> MosrobKiim, I., T. It. Soc. Biot., 1938, 127, 
11S3, 

- Bcden.sRi, U., and Bruckner, I., C. 11. Soc. Siot., 
1938, 129, 4110. 

"• Burnet, P. M,, Busti, D., and .Tackson, A, V,, 
/fiistnif. .r. E.rj). Bi„j. ,„),I Mc(i. Sc., 1939, 17, 33. 

•* Glover, R. E., lirit. ,7. Krp. Path., 1939, 20, 
330. 

•'■Morril, C. C’., nnd Graliam, R., Am. J. Vet. 
Pen., 1941. 2, 35. 

« BaiiR, F. B., Exp. ilcch, 1942, 70, 203. 

3 Oox, H. R,, Pub. IIHli. Pep., 1939, 53, 2241. 
Tonkins, Duljois h., and Sliope, R. E.. Am. J. 
Vet. Pen., 1940, 7, 174. 

Be.aclt, J. R., Bankowski, R. A., nnd Quortrup, 
E. R., Cornell IX.. 1948, ;18, 341. 


In both the rinderpest and Newcastle studies 
attention was centered on virus obtained from 
fluids, chorioallantoic membranes and em- 
bryos while titers attained in yolk sacs were 
not mentioned specifically. Indeed, other 
than for rickettsial and psittacoid agents, no 
information could be found that covered the 
growth of the smaller viruses in the yolk sac. 
In the work, that follows attention was 
focused on growth of pseudorabies in the yolk 
sac membranes and the consequent effects on 
the virus. 

Tcchnk. The pseudorabies virus used 
throughout this work was a Hungarian strain 
sent to us through the courtesy of Dr. R. E. 
Shope in an infected rabbit brain preserved 
in glycerol. Part of the infected rabbit brain 
after washing was ground with sterile saline 
to make a homogeneous suspension and then 
0.2 cc was inoculated intracerebrally into a 
rabbit. Two days later and immediately 
after death of the animal with typical symp- 
toms of the disease, the brain was removed 
aseptically, weighed and ground in saline with 
a glass grinder to make a 10% suspension. 
The suspension was distributed in vials, 
sealed, quickly frozen and stored under dry 
ice refrigeration. Virus stored under such 
conditions was used to inoculate eggs in the 
initial passage. In subsequent passages 10% 
suspensions of fresh yolk sacs, prepared as for 
the rabbit brain, were used exxept in the first 
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TABLE III. 


Distribution of Psoudorubies Virus in Effgs Iiuifulnted into Yolk Soo. 


Material used 

Yolk sac 
passage 



Dilutions 



10-:! 

30-» 

10-> 

10-« 

10-T 

Yolk sac 

1 

0 

“T 

-i. 

_ 

0 


14 

0 



-L 

— 


50 

0 

0 

-f 

-i. 

— 

CliorionUjinfoic membrane 

1 

0 


"f- 



0 


14 

0 

+ 


— 

0 


50 

0 

_ t 


— 

— 

Cliorioallantoic fluid 

1 

+ 





0 

0 


14 

0 

-U 

+ 

-f- 

— 


50 

0 

0 



— 

Embryo 

1 





0 

0 


14 

6 

-f 

+ 


0 


50 

0 

-f 

-h 

— 

— 


4- Virus shown to be |>rcsent when inoculated intraeerebralh- into guinea pigs. 
— Virus not present. 

0 Not done. 


In attempts to cultivate pseudorabies virus 
in the yolk sac, 9 fertile hens’ eggs that had 
been embryonated for 6 days were inoculated 
in each passage and 3 eggs were left uninocu- 
lated as a test of incubator conditions. After 
inoculation, all eggs were incubated at 37°C 
and thereafter candled twice daily to record 
any changes in the embryos. Immediately 
after death of the embryos, the amount of 
virus was determined in the following manner. 
Tenfold dilutions were made from culturall}' 
sterile 10% suspensions in chilled saline and 
held in iced water from the time of prepara- 
tion to completion of inoculations. From 
each dilution, 0.2 cc was inoculated intra- 
cerebrally into each of 1 or more rabbits 
and guinea pigs, 1 cc subcutaneously into 
each of 1 or more rabbits or guinea pigs, 
0.05 cc intracerebrally into each of a group of 
3 or 12 mice, and 0.5 cc subcutaneously into 
each of a group of 3 or 6 mice. Animals were 
observed twice daily and signs of illness re- 
corded. In animals that showed no signs of 
illness, it was found that the first inoculation 
had conferred no immunity. 

Transjer oj vims in serial passage. After 
S, 12, 26, 40 and 50 serial passages, tests were 
made for the presence and content of virus in 
the yolk sac. These results in comparison 
with the virus passed in rabbits are shown in 
Tables I and II. 

As can be seen in Tables I and II, it ap- 


peared that the virus was maintained in the 
yolk sac in serial transfer for 50 passages and 
that the titer remained unchanged or perhaps 
increased. As tested by intracerebral inocu- 
lation in mice, serum that neutralized a hun- 
dred infective doses of the virus passed in 
rabbits likewise neutralized a similar amount 
of virus transferred in eggs for 50 passages. 
This result permitted the conclusion that the 
death produced in rabbits, guinea pigs and 
mice with suspensions of j^lk sac from eggs 
after 50 serial transfers was due to pseudo- 
rabies virus and not another agent encoun- 
tered in passage. 

Distribution oj virus in the egg.. After 
showing that pseudorabies virus infected yolk 
sacs, it became of interest to determine fur- 
ther distribution of the virus in eggs inocu- 
lated in this manner. Each of a group of 12 
eggs was inoculated with a 10% suspension 
of brains from infected rabbits, another with 
a 10% suspension of j'olk sacs from infected 
eggs that had been transferred serially for 13 
passages, and a third group mth a 10% sus- 
pension of yolk sacs from infected eggs 
transferred for 49 passages. Eggs inoculated 
with virus passed in rabbits were hatv'ested 
3 da3-s after inoculation, while those in the 
serial passages were harvested after 40 hours. 
From these eggs chorioallantoic fluids, yolk 
sacs, embryos and chorioallantoic membranes 
were obtained separately, and with the e.vcep- 
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„ ^ . . ‘ TABLE 1. 

Besu ts Jii Experimental AnimaL Inoculated Iiitracerebrally witli Various Dilutions of Pseudu- 
Cultirated in the Yolk Sac of C?iic-lc Embryos. 


Test 

animals* 


Volk sac 
passage 


Dilutions used! 


10 -: 


1(1 -t 


10-3 


lo-c 


lO-T 


Babbits 

0 

— 

1/1 

2/3 

0/2 

— 


5 

— 

1/1 

1/1 

1/1 . 

0/2 


12 

— 

1/1 

1/1 

1/1 

0/1 


26 

— 

— 

1/1' 

0/1 

0/1 


40 

— 

2/2 

1/1 

0/1 



50 

— 

1/1 

1/1 

1/1 

0/1 

Guinea pigs 

0 

1/1 

2/2 

0/2 

0/1 

_ 


5 

i/i 

3/3 

3/3 

0/2 

— 


12 

1/1 

0/0 

i/4 

2/2 - 

0/1 


26 

1/1 

1/1 

1/1 

0/1 

0/1 


40 

1/1 

1/1 

1/1 

0/t 



50 

1/1 

1/1 ■ 

1/1 

1/1 

0/1 

Mice 

0 

3/3 

12/12 

2/6 

0/3 




5 

3/3 

9/0 

6/6 

0/3 

— 


12 

3/3 

0/6 

9/9 

5/6 

1/3 


26 

3/3 

3/3 

3/3 

0/3 

0/3 


40 

— 

3/3 

3/3 

0/3 

— 


50 

— 

3/3 

3/3 

2/3 

0/3 


* .2 ce of the virus dilution inoculated in each rabbit and guinea pig and .05 cc in each 
mouse. 

f Denominator indicates number of animals used; numerator indicates animals that sliotvcd 
pseudornbies. 


TABLE rr. 

Eesults in Experimental Animals Inoculated Subcutaneously ndfli Various Dilutions of Pseudo- 
rabies Arirus Cultivated in the Yolk Sac of Cluck Embryos. 


Dilutions uscdt 


Test 

Yolk sac 

^ 








animals* 

passage 

10-1 

10-2 

10-3 

10-« 

lO-'.t 

10-0 

10-1 

10-s 

Babbits 

0 







2/2 

2/2 

0/1 

— 

— 


5 



— 

— 

i/1 

1/1 

1/1 

0/1 

0/1 


12 

— 

— 

— 

1/1 

1/1 

1/1 

1/1 


26 

— 



— 

— 

1/1 

0/1 

0/1 

— 


40 

— 



l/I 

i/i 

1/1 

0/1 

— 

— 


50 

— 

— 

1/1 

1/1 

1/1 

0/1 

— 


Guinea pigs 

0 

1/1 

3/3 

2/3 

0/1 

— 

— 

— 

— 

5 

— 

2/2 

3/3 

.3/3 

0/1 

— 

■ — 

— 


12 

1/1 

1/1 

0/0 

3/3 

2/2 

0/1 

- — 

— 


26 

1/1 

1/1 

1/1 

0/1 

0/1 

0/1 

0/1 

— 


40 

2/2 

1/1 

1/1 

0/1 

0/1 

— 

— 



50 

2/2 

1/1 

1/1 

0/1 

0/1 




Mice 

0 

_ . 

.3/3 

2/3 

0/0 

0/3 

0/3 

— 


5 



6/6 

3/3 

6/6 

0/3 

0/3 

— 

— 


12 

26 

— 

3/3 

3/3 

3/3 

6/6 

1/3 

0/3 

0/3 

0/3 

0/3 

0/3 

— 


40 

3/3 

3/3 

3/3 

0/3 

— — 





50 



6/6 

3/3 

0/3 






* 1 cc of the virus dilation inoculated in each r.abbit and gnini.i pig .ind O.o <r in (.nli 

mouse. , , • numerator indicates animals tliat slunvt'd 

t Denominator indicates number of .animals used, nun 


pscudorabies. 

few passages where this material was stored 
for 48 hours at 34°F. This condition of 
storage was found not to affect the titer of 


virus. In tests for sterility, samples from all 
inocula were placed on blood agar plates and 
blood agar slants. -All showed no growth. 
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Pio. 3. 

IlTiiin from hifi'ploil (juini'a v'K inucBlutpil nil vatPn-Lially ^viUl virus russimI iu riiliiiits. 
Arrow iiKlic.alcs iiipliisioiis in ihipIpi. 


tion of chorioallantoic fluids, washed in 3 
changes of safine, triturated and 10%> sus- 
pensions made. Tenfold dilutions then were 
prepared from each suspension and tested in 
guinea pigs by intracerebral inoculations. 
The results are shown in Table HI. 

In Table 111, it can be seen that the yolk 
sac always contained as much or more virus 
than other parts of infected eggs. 

Effect of vims transferred in eggs on ani- 
nwls. In the first passage of pseudorabies 
virus into eggs, 60% of the embryos died 3 
days after inoculation, in the Sth passage 
80% of the embryos died within 48 hours, 
and in the 12th and subsequent passages all 
cmbri'os died within a period of 40 hours. 

In the rabbits, guinea pigs and mice in- 
oculated both intracerebrally and subcutane- 
ously with virus passed in rabbits and trans- 
ferred 5, 12, 40 and 50 passages, comparisons 
were made of the effects produced by 10 to 
100 lethal doses of virus. It was found that 


with continued serial transfer of virus in eggs, 
the interval of time between inoculation and 
death lengthened and animals survived longer 
after showing visible signs of illness. More- 
over, a marked change in the signs of experi- 
mental disease was observed in inoculated 
animals. When rabbits were inoculated with 
virus passed in rabbits subcutaneously, char- 
acteristic skin signs and lesions in the form 
of an intense pruritus at the site of inocula- 
tion invariably developed. The skin became 
denuded of hair, abraded and infiltrated with 
serosanguinous fluid. Virus transferred in 
the yolk sac for 5, for 12, for 26 and for 40 
passages produced similar signs, while animals 
that received virus transferred for 50 pas- 
sages failed to develop signs or lesions in the 
skin. Instead, leg weakness developed 2 to 4 
days before they died. Guinea pigs showed 
changes similar to rabbits except that the 
characteristic signs and lesions disappeared 
when the virus had been transferred for 40 


426 


Yolk Sac Cultivation, Pseudorabies Virus 



Pio. 1. 

Yolk S!ic from an egg iiioculatod with virus transferred for nO jiass.-iges. Arroiv indienfes 
intranuclear inclusions. 



sac cells. 
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for 5 passages in eggs, addopViiiic- small 
granules that were accumulated around the 
nucleolus was the only change obserc’ed. In' 
the yolk sacs of eggs inoculated with saline, 
no changes were seen (Fig. 2). 

Brains from guinea pigs inoculated inlra- 
cerebrally with the rabbit brain virus and 
drus that had been transferred for 50 pas- 
sages in eggs were fi.xed in Zenker’s or for- 
malin fixative and stained as for the egg 
material. In some brains from guinea pigs 
inoculated either with virus passed in rabbits 
or virus transferred for 50 serial passages in 
eggs, slight congestion was the only change 
observed, while in others, leucocytic infiltra- 
tion and marked congestion of the blood 
vessels of the meninges and the superficial 
part of the brain were seen. Most of the 
animals showed the superficial ner\'e cells in 
different stages of degeneration. Intranuclear 
inclusions similar to those observed in the 
cells of yolk sacs from infected eggs ivere 
found in some nerve cells (Fig. 3 and 4). 

Summary. Using the yolk sac method, a 
strain of pseudorabies virus has been culti- 
vated in eggs for 50 serial transfers. That the 
virus multiplied in the yolk sac was showm 
in 4 ways: (1) suspensions of yolk sacs from 
infected eggs that had been transferred either 


for-S, 12, 26, 40 or 50 passages produced dis- 
ease in rabbits, guinea pigs and mice; (2) the 
effects in animals of virus that had been trans- 
ferred for SO serial passages was neutralized 
by antiserum that neutralized virus passed in 
rabbits; (3) the yolk sac contained as much 
or more virus than either the chorioallantoic 
membranes, chorioallantoic fluid or embrjms; 
(4) the virus produced characteristic intra- 
nuclear inclusions in the yolk sac cells like 
those seen in cells from infected animals. 

With continued transfer of pseudorabies 
virus in eggs, embryos died 40 hours after 
inoculation w'hile in the initial passage only 
6Qfo of the embrs'os died after 3 days. The 
capacity to invade certain parts of the egg 
such as the chorioallantoic fluids and em- 
bryos increased and more extensive changes 
were produced in the embryo. Continued 
passage also altered the effects on rabbits, 
guinea pigs and mice. The period of time 
from inoculation until death of animals 
lengthened, the local pruritus produced by 
subcutaneous inoculation of virus passed in 
rabbits no longer occurred and infected ani- 
mals lived longer after showing signs of 
illness. 


Rcceivpd Jnnc 2, 1049. P.S.E.B.M., 1949, 71. 


17212. Antagonism of Choline and Heparin In vivo and In vitro.* 

Gordon W. Howe* and Charles L. Spurr. 

(With the technical assistance of Mrs. Marie T. Wasson.) 

From ihc Vnivcrsit;/ of Texas, il. P. Anderson Sospital for Cancer Hescarcli, Houston, Texas. 


Cabezas and Honorato* reported that 
heparin was inactivated by choline chloride. 
Various dilutions of heparin, choline and com- 
binations of the 2 were added to fresh and 
24-hour preserved plasma. The influence 

* This work was supported, in part, by tbc 
American Cancer Society on rccommend.ation of 
tile Committee on Growtii of tlie National Researeb 
Council, and American Cancer Society Gr.aiit 
1NSTR-23A. 

t Rosalie B. Hito Postdoctoral Fellow. 

t C.abezas, A., and Honor.ato, R., Comunic. So- 
ciety Biol. Santiago, Chile, 1944, 2, 2G. 


upon the prothrombin time was determined 
by the one stage Quick method." These in- 
vestigators did not dratv final conclusions as 
to the mechanism of this effect, but suggested 
that there may be a cbemical union of the 
choline with heparin, seroalbumin or al- 
bumin X."'* 

The annulation of heparin with prota- 

2 Quick, A. J., J. Am. Med. Assn., 1940, 119, 
IIS. 

2 Quick, A. J., Tlie Hemorrhagic Diseases and 
the Pliysiology of Hemostasis. Tliomas, Editor, 
1942. 
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Fig. 4. 

Brain from guinea pig inoculated intracerebrally ivitli virus transferred for 50 serial pas- 
sages in eggs. Arrow indicates inclusions. 


passages in eggs. The animals then died with 
signs simulating those in guinea pigs inocu- 
lated intracerebrally. j\Iice that were inocu- 
lated subcutaneously showed paralytic-like 
signs when given virus transferred for 40 
passages in eggs. Pruritus was not seen in 
mice even when inoculated with virus passed 
in rabbits. 

Pathology. Embryos from the initial pas- 
sage and each subsequent one were e.xamined 
for lesions. In the first few passages, hemor- 
rhages in the skin were seen over the brain 
region, but later hemorrhages e.xtended over 
the entire surface of the embryos. 

Brains of embryos from eggs inoculated' 
with virus trahsfe'rred for either 15 or 50 
serial passages in ' eggs were prepared in 
Zenker’s fi.xative 'and stained with hema- 
toxjdm and ' eosin ' and by Wilhite’s method. 
Examination ish'dwed congestion of the super- 
ficial blood vess'els with' leucocj^tic infiltration 
throughout the brain. The neurons and neuro- 


glial cells showed various stages of degenera- 
tion. Some of the mesothelial cells of the 
membranes covering the brain showed intra- 
nuclear inclusions in the form of homogeneous 
acidophilic material filling part or all of the 
nucleus. In brains of embryos from eggs in- 
oculated with either rabbit brain virus or 
virus transferred for 5 passages, these changes 
were less pronounced and in some, onh' a 
slight congestion of the superficial blood ves- 
sels was found. Brains of embryos from eggs 
inoculated with saline showed no changes. 

The most important changes seen in the 
cells of yolk sacs from eggs inoculated with 
virus transferred 50 passages were intra- 
nuclear inclusions (Fig. I) that appeared as 
acidophilic homogeneous material filling most 
of the nucleus when completely formed. Mar- 
gination of the chromatin along the inner 
surface of the nuclear membrane was seen. 

In the yolk sac cells of eggs inoculated with 
virus passed in rabbits and virus transferred 
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intravenously in an ear vein weekly with 
solutions of heparin and choline in the fol- 
lowing wat's; 

1) 100 I L' kg heparin; 

1) 10 mg l:g 2^1 choline chloride in saline; 

i) WO U kg heparin followed immediately 
by 10 mg ks choline; 

4) 10 mg kg choline followed in 5 min. by 
ICO L' kg heparin; 

5 ) 100 U kg heparin followed in 5 min. b}’ 
10 mg kg of choline. 

Blood was obtained by cardiocentesis with 
a 22 gauge needle. A specimen was drawn 
prior to and 10. 20. 30 and 60 minutes after 
injection. Coagulation times were done by a 
modincation of the Lee-A\'hite method.'** 
Blood in the amount of 0.5 cc was added to 
a 10 b}' 75 mm glass tube which had been 

U'Uc-. R. I... .'ind 1’. D.. Jm, .7. JUd. 

■SV., 101.-?. J4.\ 40 r,. 


rinsed with saline. The tube was tilted every 
30 seconds and was kept at a temperature 
from 32 to 55‘C. The end point was taken 
as the time the tube could be tilted vertically 
and the clot was solid. The prothrombin 
time was done by the one stage Quick method 
on whole plasma, and 0.9 cc of blood was 
added to 0.1 cc of 0.1 M sodium oxalate. 

Results. Normal coagulation time varied 
between 3'‘f: and 14 minutes. The choline 
alone had no remarkable effect on the blood 
coagulation other than possibh" slightly ac- 
celerating it. Heparin alone, and heparin 
and choline in the various combinations, pro- 
duced similar results. 

The normal prothrombin times varied be- 
tween 5.7 and 7.S seconds and were not af- 
fected by the choline, whereas, they were 
slightly prolonged from 0.7 to 2.4 seconds 
after heparin alone, and IS. 5 seconds after 
the heparin-choline injections. .-Vll prothrom- 
bin times were done in duplicate. If more 
than one second difference was obtained a 
third test was performed. 

Interpretation. By means of the coagula- 
tion time and prothrombin time in vivo, 
choline has been shown to have no antago- 
nistic influence on the heparin effect. One 
interesting observation is that choline alone 
consistently accelerated coagulation. This 
group of rabbits is too small, however, to draw 
definite conclusions as to the effect of choline 
on coagulation. Therefore, this is beina stud- 
ied further. 

Summary. The previoush' reported an- 
tagonism of choline and heparin was studied 
in vitro and in vivo. When choline and 
heparin were mi.xed in whole plasma and the 
prothrombin time determined, the choline had 
no effect on the action of heparin. Choline 
alone slighth- prolonged the prothrombin 
time. Choline and heparin do not combine 
chemically as shown by spectrophotometric 
determination. In vivo, choline has no effect 
on the action of heparin. 

R't-f’vt'd .JuiK- ], Wit>. P.ti.K.B.yt.. 1949. 71. 
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mine or toluidine blue is well established.-*-® 
These latter compounds are comple.x mole- 
cules whereas choline is a simple molecule 
OH 

(CH3)3 N CH3OH. In view of the recent 

CH3 

work by Allen, Jacobson, Smith et al., on 
the hemorrhagic syndrome produced by ex- 
posure to heavy doses of X-irradiation or 
nitrogen mustard,’-*^ the inactivation of hepa- 
rin by choline becomes of considerable physio- 
logical and clinical interest. They have 
shown that this syndrome is due to an in- 
crease in the heparin or a heparin-like com- 
pound in the blood. Through 2 approaches 
in vitro and one approach in vivo, we have 
attempted to elucidate this problem. 

Influence oj choline and heparin upon the 
prothrombin time. A portion of Cabezas and 
Honorato’s work was repeated as accurately 
as possible. The prothrombin time. Quick 
method,- was carried out on fresh whole 
human plasma. Choline chloride (2% and 
4%) (Merck) in physiological saline was 
used in various volumes. Commercial hep- 
arin, 10 mg/cc (Roche-Organon) was diluted 
with physiological saline so that 0.025 cc 
equaled approximately 0.4 International Units 
and 0.025 cc equaled approximately 0.2 Inter- 
national Units. The commercial heparin 
contains appro.ximately 110 International 
Units per mg. Rabbit brain thromboplastin 
(Maltlne Co.) was used. The choline- 
heparin mixtures were not incubated. 

Results. The prothrombin times on the 
control plasmas averaged 14.5 seconds; 0.2 
U heparin added to the plasma showed an 
increase in the prothrombin time, averaging 
4.9 seconds; 0.4 U heparin increased the pro- 
thrombin time an average of 13.7 seconds. 
Fifty y, 2% choline, increased the prothrom- 

■1 Chargatf, L., and Olson, B., J. Biol. Chetn., 
1937, 122, 153. 

-Wilcnder, O., Shaml. Arch, and Physiol., 1938, 
81, Suppl. Xl'^. 

G Jorpes, J. E., Heparin in the Treatment of 
Tlirombosis, 0.\ford University Press, 1940. 

- Allen, J. G., and Jacob.son, L. O., Science, 
1947, 105, 388. 

8 Smith, T. R., Jacobson, L. 0., Spurr, C. L., 
Allen, T. G., and Block, M. H., Science, 1948. 
107, 474. 


bin time an average of 1.0 seconds; 100 y, 
2% choline, increased the prothrombin time 
an average of 3.1 seconds; 100 y, 4% choline, 
increased the prothrombin time an average of 
2.9 seconds. Mixtures of heparin and choline 
in various concentrations and volumes added 
to the plasma always produced an increase 
in the prothrombin time over that of the 
heparin alone. 

Interpretation. Our data illustrated no 
inactivation of the heparin by the choline. 
The slight increase in prothrombin time dem- 
onstrates the in vitro anticoagulant influence 
of choline. This confirms the observations 
of Zunz and LaBarre.® 

When one analyzes Cabezas and Honorato's 
results, it is observed that the control pro- 
thrombin times were prolonged in most ex- 
periments. This is evidence of relatively in- 
active thromboplastin. 

Absence of a chemical union 'of heparin and 
choline as measured by spectrophotomctric 
determination. By the use of the Beckman 
spectrophotometer the absorption spectrum of 
a 0.1% solution of powdered heparin (Con- 
naught 110 U/mg) dissolved in distilled 
water was determined. The peak of the ab- 
sorption curve was found to be 265 my. 
Choline chloride in a 0.1% solution has no 
typical absorption bands. The two solutions 
were mixed in equal parts and the absorption 
curve was determined immediately, and after 
6 hours of incubation. 

Results. As may be seen in Fig. 1, there 
was no change in the absorption spectrum 
after heparin and choline were mixed. 

Interpretation. If choline were combined 
with heparin there would be a definite shift 
in the spectrum of the choline-heparin mi.x- 
ture from that of the heparin alone. This 
demonstrates quite conclusively that heparin 
and choline do not enter into a chemical 
combination. 

In vivo influence oj heparin-choUnc on co- 
agulation and prothrombin time. .A series of 
e.xperiments were designed to give in vivo evi- 
dence concerning the action of these sub- 
stances on the coagulation mechanism. Three 
rabbits, each weighing 2.0 kg, were injected 

’TTzunz, E., LaBarre, J., Cnmpl. Unnl. Biol., 
1924, S>0, 05.5. 
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with the patieats with -myasthenia gravis for 
one week. Thereafter, the patients were ad- 
ministered intramuscularly adrenocorticotro- 
phic hormone in amounts of 20 mg ever\’ 6 
hours for 5 days. Tests were performed during 
the administration of the hormone, for 4 days 
thereafter, and at biweekly intervals for an- 
other 12 weeks. The following tests were 
performed. 

Bcctromyography. IMuscle action poten- 
tial records were taken during repetitive in- 
direct percutaneous stimulation of the ulnar 
nerve by 10 and 30 pulses per second for 30 
seconds, with a stimulus of supramaximal in- 
tensity and of one millisecond duration. The 
method was described by Harvey and IMas- 
land*3 and Torda and Wolff.’- The records 
were taken daily at the same time of the day, 
3 hours after administration of neostigmine 
bromide during the control period and the 
period of administration of the hormone, and 
from 6 to IS hours after administration of 
neostigmine bromide thereafter. 

Myography. Muscle function was also 
tested by an ergograph immediately after 
completion of the electromyograms. The er- 
gograph consisted of a hea\w spring attached 
to an isotonic lever writing on a kj^mograph. 
The spring was stretched 2.5 cm once a sec- 
ond by the inde.x and middle finger of the 
right hand exerting a tension of 15 kg. 

Acetylcholine synthesis. .'Acetylcholine syn- 
thesis in the presence of the blood serum was 
studied following the method described by 
Torda and Wolff.- The method consists of 
incubation of a tissue containing choline 
acetyl ase with blood serum and determination 
of the amount of acetylcholine formed during 
the period of incubation. The amount of 
acetylcholine synthesized in the presence of 
serum from healthy controls averaged 2.08 
ftg ct 7% per 100 mg tissue containing the 
enzyme. 

Results. During the 5 days of administra- 
tion of .ACTH all patients e.xperienced a 
gradually increasing disability lasting until 
•the second day after the completion of the in- 
jections. Thereafter, the patients exhibited in- 
creased well being, they began to reduce the 
daily intake of neostigmine bromide sponta- 
neously (H.L. from 300 mg to 45 mg; M.Y. 


from 150 mg to 15 mg; A.S. from 112 mg to 
15 mg: R.G. from 180 mg to 90 mg; and J.R. 
from 45 mg to IS mg) and omitted the other 
medications. A partial remission of the 
sjmiptoms occurred in all instances manifest- 
ing itself in marked decrease of muscle weak- 
ness, the easy fatiguability, and the anorexia. 
The ptosis of the eyelids, the weakness and 
easy fatiguability of the muscles of palate, 
tongue, face, deglutition, arms, and legs be- 
came less evident. However, the remission 
was incomplete, the muscle groups most 
severely involved in each patient showed onW 
a partial recovery, as is to be expected after 
a muscle dysfunction of several I'ears dura- 
tion. Though not clearly definable, it is 
probable that there is some dwindling of the 
improvement in muscle function with the 
lapse of time. This incomplete remission 
persisted from the completion of administra- 
tion of the hormone to the writing of this 
report (approximately 3 months). 

Electromyography. Healthy subjects main- 
tained the muscle action potential unaltered 
during repetitive indirect stimulation witli 10 
pulses per second for 30 seconds (Fig. lA) 
and nearly unaltered (average decrease of 
12%) during stimulation with 30 pulses per 
second for 30 seconds.’^ia Before adminis- 
tration of the hormone patients H.L., M.Y., 
A.S., and R.G. exhibited the known decline 
of the amplitude of muscle action potential 
during repetitive indirect stimulation. The 
decline of the amplitude e.vceeded in all in- 
stances 35% on stimulation with 10 pulses 
per second for 30 seconds and 55% on stimu- 
lation udth 10 pulses per second for 30 sec- 
onds (Fig. IB-lE). During the period of 
administration of the hormone the abnormali- 
ties noted in the electromyograms of the pa- 
tients gradually decreased. .After completion 
of administration of the hormone and while 
on reduced medication the patients were so 
altered as to maintain the amplitude of action 
potential during repetitive indirect stimula- 
tion in a manner resembling that of healthy 
subj'ects. Patient J.R. had before and after 
administration of the hormone a normal elec- 
tromyogram (Fig. IF) as commonly occurs 
in patients mildly to moderately ill wdth 
myasthenia gravis. The electromvograms re- 
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17213. Effects of Adrenocorticotrophic Hormone on Neuro-Muscular Func- 
tion in Patients with Myasthenia Gravis.* 


Clara Torda and Harold G. Wolff. 

From the Ffexc York Hospital, the EingsbrUlge Hospital (V.A.), and the Departments of Medi- 
cine (^Heurology) and Psychiatry, Cornell University Medical College, New York City. 


The adrenocorticotrophic hormone of the 
pituitary gland has been administered to pa- 
tients with myasthenia gravis mainly on the 
.basis of the following observations and in- 
ferences: 1) the immediate cause of the 
symptoms of myasthenia gravis is a decrease 
of acetylcholine synthesis;^"® 2) administra- 
tion of the adrenocorticotrophic hormone in- 
creases a-cetylcholine synthesis in vivo]* 3) 
increase of the lymphatic tissue (round-cell 
infiltration of various organs, mainly striated 
muscle’’ and “hyperfunctioning” ‘thj'mus® have 
been found in patients with myasthenia 
gravis. Tissue fractionation studies’-® have 
shonm that one of the sources of the sub- 
stances that inhibit acetylcholine synthesis is 
the thymus. Administration of the adreno- 
corticotrophic hormone induces reduction in 
the mass of the thymus and the I}Tnphatic 
tissue;®''® 4) removal of the pituitary gland 
in rats induces changes in the electromyo- 

* Published with permission of the Chief Med- 
ical Director, Departments of Medicine and 
Surgery, Veterans Administration, who assumes no 
responsibility for the opinions expressed or con- 
clusions drawn by the authors. 
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gram" that cIosel 3 i resemble the abnormalities 
noted in patients with m 3 'asthenia gravis;'-'"* 
5) the pituitary gland of several patients who 
died of myasthenia gravis showed accumula- 
tion of an eosinophilic colloid material sug- 
gesting altered function of the gland.""® 

This report aims to illuminate the nature 
of m 3 'asthenia gravis b 3 ’’ a further anaU'sis of 
its phenomenology. Therapeutic implications 
are outside its scope. 

Material. Five patients with myasthenia 
grains were women aged 24 (H.L.), 29 (J-R-), 
31 (M.Y.), 37 (A.S.), and 45 (R.G.) years 
who had had myasthenia gravis for 4, 17, 10, 
13, and 9 years, respectively. During the 3 
3 iears before this special study begun the 
patients e.\perienced minor transient fluctua- 
tions but no long lasting or significant changes 
in their clinical states. They received a total 
of 300, 45, 180, 112, and 150 mg of neostig- 
mine bromide a day, distributed over the 
waking hours, taken in from 3 to 6 hourly 
intervals. H.L. received also 75 mg' of 
ephedrine sulfate, 3 g of potassium chloride, 
and 0.39 g of guanidine h 3 'drochloride a day; 
R.G. also received 25 mg of ephedrine sulfate 
and 3 g of potassium chloride a da 3 c The 
patients had had, in different degree of 
severity anorexia, general weakness, ptosis of 
the eyelids, weakness and easy fatiguability 
of the muscles of the palate, tongue, face, 
deglutition, arms, and legs. 

Method. Various tests were performed 

11 Tord.i, C., and Wolff, H. G., Am. J. Phy.siol., 
1949, 150, 274. 

12 Torda, C., and Wolff, II. G., Arch. hit. JIrd., 
1947, CO, 68. 

13 Harvey, A. M., and Alasland, R. L., Dull. 
Johns Hopl-ins Hosp., 1041, Of), 1. 

n Buzzard, E. F., Drain, 1905, 28, 438. 
iHTilney, F., Xeurograyh.s, 1907, I, 20. 

10 Jlarineseo, G., Semainr Mrd., 1908, 28, 421. 
iTCavallero, C.. Tumori, Ser. 2, 1944, 20, 127. 

IS Torda, C., and Wolff, H. G., in ])!(>«?. 
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Sion of the symptoms of myasthenia gravis in 
a moderately ill woman after administration 
of the hormone was reported by Softer and 
collaborators-" without application of objec- 
tive testing procedures. The transitory im- 
pairment observed during the period of ad- 
ministration of the hormone was also observed 
by Heilman.-' The increased general dis- 
ability during the administration of the hor- 
mone may be due to changes in electrolyte 
distribution,-"’ and in various metabolic 
processes (increase of secretion of some 
steroid hormone,----" adverse effect on carbo- 
hydrate metabolism-"’ and decrease of gluta- 
thione content of blood.--) These processes 
apparentl}’ offset the gradually improving 
function of the neuromuscular apparatus 
per jc."' 

The above investigations indicate that ad- 
ministration of the adrenocorticotrophic hor- 
mone induces changes suggesting the begin- 

Softer, I. J., Gnhrilovc, .T. L., L.-iqueur, H. P., 
Volterni, M., Jacobs, D„ ant] Su-ssm.'ia, Jf. L., 
J. Mount Sinai IJosp., 1948, lo, 7.8. 

-1 Hclliiian, L., Fed. Pruc., 1949, 8, 79. 

— Conn, J. tv., IjOui.s, I.,. H., and Jnlinsfon, 
-tr. tv., ,/. l/ih. Clin. Med., 1949, 84, 2.5.1. 

M For.sliain, 1’. H., Tlinrn, G. tV., Prunt.v, F. 
T. C., and Hills, A. G., .7. Cfiii. Fndoer., 1949, 
8, 15. 

Thorn, G. tV., Prunty, F. T. G., and Forsliani, 
P. II., ,T. Clin. Endocr., 1947, 7, 459. 

Conferences of Macy Foundation, Metabolic 
Aspects of (’onvalcsccnce, 10 Mcctinc, Oct. 27, 
1947; 17 tfectiiiK, Spring, 1948. 

-C Mason, H. I,., Power. M, 11., Ilyncarson, 
E. H., Ectizia, C., Ciaraniclli, M. U,, Li, C. H., and 
Keans, II. M., .T. Clin. Endocr., 1948, 8, 1. 


nings of an incomplete remission in patients 
with myasthenia gravis. If the view suggested 
by this laboratory’-^’ be valid, i.c., that the 
immediate cause of the symptoms of patients 
with myasthenia gravis is a decrease in the 
synthesis of acetylcholine, then the observa- 
tion that administration of the hormone in- 
creases the symthesis of acetydeholine' be- 
comes extremely pertinent to an understand- 
ing of the apparent remission of symptoms 
observed in patients with myasthenia gravis 
after administration of the adrenocortico- 
trophic hormone. Because of its long lasting 
effects, it is inferred that the adrenocortico- 
trophic hormone acts upon some basic regu- 
latory mechanism. 

Summary. 1. Five patients moderately to 
severely ill with myasthenia gravis received 
400 mg adrenocorticotrophic hormone given 
in amounts of 20 mg every 6 hours. 

2. Changes that may indicate the begin- 
nings of an incomplete remission occurred 
after completion of the injections. These 
changes consisted of decrease of the symptoms 
and outward manifestations of muscle dy'S- 
function, disappearance of the abnormalities 
noted in the electromymgram, increased work 
performance on the ergograph, and increase 
to normal of the ability of serum to support 
acetylcholine synthesis. The incomplete re- 
mission is long lasting. 

Tb(‘ slutliors wisli to express tbeir grotitude to 
John 1?. Mote, Medical Director of ..yrniour Lob- 
or.otorie.s, Inc., for tlie {'eiicrous sujfply of the 
adreiiocorticotropbic Iiornioiic of tlic pituitary 
gland. 

Received June (i, 1949. F.S.E.B.M., 1949, 71. 


1/214. Alkaline and Acid Phosphatase Activity of the Embryonic Chick 
Retina. 


V. F. Lindeman. 

From the Department of y.noloptj, Syrticn.se Vniver.sity, .Syracuse, A’. 1'. 


Evidence has been accumulating which in- 
dicates that the phosphomonoesterases may 

1 Moog, F., .7. Celt, and Comp. Plnimol., 1940, 
08, 197. 


be associated in some way with the differen- 
tiation of embryonic tissue. Moog' has 
demonstrated that the common alkaline and 
acid phosphomonoesterase activity increases 
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f.g. 1. 

Effect of adrenocoiticotropliie liormoiie on 
muscle action potential during repetitive indirc’T 
percutaneous stimulation of tlie ulnar nerve «i(li 
10 pulses per second. 

Column 1 represents action i)otontial rooonls 
taken during tlie first fciv pulses of n 30 second 
stimulation period. Column - represents records 
taken at the end of the 30 second stimulation 
period. Column 3 represents action potenti:'! 
records taken during the first ferv pulses of a 30 
second stimulation period the third da,v after coni- 
plction of the series of administrations of the 
hormone. Column 4 represents records taken at 
the end of the 30 second stimulation period, 
Eecords in column 1 arc comparable with records 
in column 2 of the same line and records in column 


ent report (approximately 3 months). 

Myography. The 10 control women 
stretched the spring on the average ISO times 
before occurrence of fatigue. Before adminis- 
tration. of the hormone the patients with 
myasthenia gravis the average number of 
contractions (10 exper.) before occurrence of 
fatigue tvere 31 (R.G.); 44 (A.S.); 47 
(M.Y.); 75 (H.L.), and 110 (J.R.). Dur- 
ing the period of administration of the hor- 
mone the number of contractions slighth^ and 
gradually increased. After completion of ad- 
ministration of the hormone the work per- 
formance continued to increase and reached 
the fifth day the ma.ximum. This was 105 
(R.G.); 120 (A.S.); 180 (M.Y.); 250 

(H.L.); and 175 (J.R.). Although this test 
involves motivation, such sudden and dra- 
matic increase in performance suggests an 
improvement of the function of the neuro- 
muscular system per se. The improved work 
performance persisted for the past 3 months. 

Acetylcholine synthesis. In the presence of 
serum of the patients with myasthenia gravis 
the synthesis of acetylcholine as compared to 
healthy control subjects decreased by 55 
(R.G.); 50 (H.L.); 42 (M.Y.); 40 (A.S.), 
and 25 (J.R.) %. In the presence of blood 
serum taken the third day after completion of 
administration of the hormone and biweekly 
thereafter during the past three months the 
ability of serum to support acetylcholine 
synthesis appro.ximated normal values. De- 
creased acetylcholine synthesis in the presence 
of serum is specific for myasthenia gravis. 
The more severe the myasthenia gravis the 
less well the serum supports the activit.v of 
choline acetylase. 


3 are comparable with tliosc of column 4 of the 
same line since the position of the electrodes re- 
nmined unchanged during the 30 second stimulation 
period. Records in column 3 are not comparable 
with those in column 1 of the same line since the 
recording electrodes could not be placed in cxactlv 
the same position on successive days. In all rec- 
ords the sweep circuit of the oscilloscope was syn- 
chronized with the stimulator so that successive 
stimuli and muscle action potentials were super- 
imposed on the screen of the cathode ray tiibe. 
Group .A contains records taken from a healthy 
control ; group B records from patient H.L., grouj> 
C records from- M.Y., group D records from A.S., 
group E records from E.G., and group F records 
fom J.R. 


Comment. Administration of adrenocor- 
ticotrophic hormone to patients with myas- 
thenia gravis was first begun by Torda and 
Wolff.'*’*® Beginnings of remission were ob- 
served in the 2 patients treated in the New 
York Hospital. Because satisfactory objec- 
tive procedures testing neuromuscular func- 
tion per se had not been elaborated in this 
laboratorv' at the time inferences concerning 
the effect of the hormone on patients with 
myasthenia gravis were deferred. .4 reniis- 

i» Torda, C., and AVolff, II. G., unpubli.slicd data. 


mained normal up to the writing of the pres- 
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Kig. 1. 

Alk.'iline (AIvK) .Mul jjliospliiitnsc aetivitv 
of the (k'veloping chiek emliryo vetiim. 

phosphate liberated per 100 mg ot (resh tissue 
per minute. 

Fig. 1 depicts graphically the data obtained 
for both the alkaline (ALK) and acid (AC) 
phosphatase activity of whole homogenates of 
chick embryo retinas beginning with the i2th 
day of incubation and ending 3 days after 
hatching. The points on the curves represent 
means of data obtained from 3 separate series 
of embryos, incubated under identical condi- 
tions. It will be noted that the alkaline 
phosphatase activity at 12 days is almost 
negligible but rises gradually up to 16 days of 
incubation. Beginning with 16 days the ac- 
tivity increases rapidly up to 19 days where 
it reaches a maximum which is maintained 
through the 20th day after which it begins to 
fall at a rate comparable to the rise. How- 
ever, about 3 days after hatching it levels off 
and maintains a rather constant rate. 

The activity of the acid phosphatase, on 
the other hand, is relatively high at 12 days 
of incubation and does not appear to show 
any rise until about the 15th day. At this 
time there is a very small rise up to 19 days 
when it also decreases and eventually levels 
off at about 24 days. The broken lines on the 
graph designate the level of enzyme activity 
between the 24th and 120th day. Weekly 
analyses made between these ages showed no 
appreciable fluctuation in the enzyme activity 
and it is assumed that no further change 
took place. 

It is interesting to note that the peak of 
both alkaline and acid phosphatase activity 
is reached on about the 19th-20th day of in- 
cubation. That the retina is differentiated at 
this time was demonstrated by the author/* 
when it was shown that 18 days after the 


beginning of incubation is the earliest stage 
in the development of the eye at which the 
pupillarj' constrictor reflex could be elicited 
by light stimuli. 

Since these 2 events, namely completion 
of differentiation and development of maxi- 
mum phosphatase activity correspond so 
closely it would appear that these enzymes 
may be concerned in some way with the 
morphogenesis of the retinal elements. These 
results are of interest therefore in the light 
of the findings of Moog, who demonstrated 
strikingly similar increases in both the al- 
kaline and acid phosphatase activity of 
homogenates of whole chick embryos between 
the 2nd and 12th day of incubation during 
which time it was assumed that the tissues 
were undergoing differentiation. Thus the 
chick retina, which is known to differentiate 
between the 12th day of incubation and 
hatching time, lends further support to the 
concept that certain phosphomonoesterases 
may enter into the histochemistry of differ- 
entiation of embryonic tissues. 

Simufiary and conclusion. I. The alkaline 
and acid phosphatase activity was determined 
on whole homogenates of embryonic chick 
retina from the 12th day of incubation until 
3 days after hatching. 

2. The alkaline phosphatase activity in- 
creases slowly up to 16 days and then more 
rapidly to 19 days, when it reaches a maxi- 
mum. After the 20th day it begins to de- 
crease until 3 days after hatching, at tvhich 
time it establishes a level of activity which is 
apparently constant throughout the life of the 
chicken. 

3. The acid phosphatase activity is consid- 
erably higher than the alkaline at 12 days, 
but shows only a slight increase up to 19 days, 
after which it also falls to a new level. 

4. Since the rise in activity of both acid and 
alkaline phosphatase correspond closely to the 
period of cellular maturation in the chick 
retina, this seems to give added support to 
the concept that these enzymes may be asso- 
ciated with the histochemistry of differen- 
tiation. 

5 lAndpinan, V. F., Am. J. Physiol., 1947, J48, 
40. 

Bcceiri'd Miiy~18, 194k P.S.E.B.Jf., 1949, 71. 
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considerably during , early embryonic develop- 
ment and reaches its maximum in whole chick 
embryo homogenates by the 10th da}' of in- 
cubation. From these and previous observa- 
tions (Moog-), it appears that these enzjnnes 
enter in some way into the chemistry of 
differentiation of tissue. Although the above 
findings are very convincing, nevertheless 
attention should be directed to the fact that 
the results were obtained from tissue which 
was not onl}' differentiating, but also under- 
going rapid growth. This is a complicating 
factor and does not entirely eliminate the 
possibility that these phosphatases ma}'^ be 
concerned with growth rather than differentia- 
tion. It seemed to the author that this con- 
cept could be further tested b}' using a single 
tissue which could be followed through its 
embrNmnic development from the time it 
begins to differentiate until it becomes func- 
tional. One tissue in the chick embrj'o which 
lends itself well to such a study is the retina. 
According to Weysee and Burgess^ differen- 
tiation of retinal cells begins about the 12th 
day of incubation and is complete shortly 
before hatching. 

The present study was designed to deter- 
mine whether any relationship e.xists between 
the stages of differentiation and the phospha- 
tase activity of the embryonic chick retina. 

Material and methods. New Hampshire 
Red chick embrjms were used throughout this 
study. The eggs were obtained from a local 
hatcher3'^ and incubated in a commercial t3'pe 
incubator at a constant temperature of 102°F 
and a humidity of 90%. The retinas were 
removed from the eyes of 3 embryos of the 
desired age, blotted to remove e.xcess moisture 
and weighed. The tissue was ground in a 
high speed micro grinder* to a uniform 
homogenate. The homogenate was then di- 
luted with unbuffered saline solution (Krebs 
Ringer solution containing appro.\'imatel3' 
.03M MgS04) so that 1 ml contained from 
40-50 mg of fresh tissue. The substrate was 

2 Moog, F., Biot. Bull., 1944, S6, 51. 

sWe.rsee, A. "W., Burgess, W. S., Am. A’at., 
1900, 40, 611. 

* Tlie liomogenizer is one of our own design 
consisting of a stainless steel drill driven by a 
high speed motor. 


combined with the buffer as follows: Alkaline 
mixture (pH 9.1) 1.09 g disodium phenyl- 
phosphate and 10.0 g of sodium barbital per 
liter. Acid mixture (pH 5.0) 1.09 g di- 
sodium phenylphosphate dissolved in 800 ml 
of a 0.2 N sodium acetate and 200 ml 0.2 N 
acetic acid. The enz3me activity was meas- 
ured 63’- a method modified from Moog’ as 
follows: All experiments were carried out in 
test tubes (17 X 150 mm) containing 0.4 ml 
of substrate mixture. After pre-heating for 
5 minutes in a bath kept constant at 37.5°C, 
0.1 ml of homogenate was added to each tube. 
The preparations were then shaken for 20 
minutes and the reaction stopped 63' adding 
4.5 ml of 10% trichloroacetic acid. The pre- 
cipitate was removed by filtration and 3 ml 
of the clear solution was anah'zed for inor- 
ganic phosphorus by the method of Fiske and 
SubbaRow.'’ Ten minutes were permitted for 
the blue color to develop and all measure-- 
ments were made with a Coleman spectro- 
photometer, calibrated with a series of stand- 
ard K H2PO4 solutions. E.xperiments were 
always run in triplicate against 2 control 
tubes taken at zero time. Control values were 
subtracted from e.xperimental values. 

Residts and discussion. The present study 
w'as confined to the retina from embryos be- 
ginning with the 12th day of incubation and 
ending appro.ximatel3'- 3 days after hatching. 
This is the period during which the neural 
elements of the retina undergo maturation 
and differentiation into the various t3'pes of 
cells that characterize the functional organ. 
Although differentiation is very extensive 
during this time there is no appreciable change 
in the weight of the retina. The practice of , 
using the weight of the tissue for computing 
data on chemical studies in embrymnic tissues 
during different stages of development is 
sometimes considered a questionable pro- 
cedure due to the changing concentration of 
the cytoplasm. However, since the chick 
retina did not increase more than 10% in 
weight over the period studied it seemed that 
there could be no serious objection in this 
case. The phosphatase activity is therefore 
e.xpressed in terms of micrograms of inorganic 

4 Fiske .end .StJlib.nBo\v, J. Biot. Clirni., lUi'.S, 

00, 375. 
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Fig, 1. 

Aikaiine (ALK) Mid acid pliospliat.ase activity 
of tlic developing cliick embryo retina. 

phosphate liberated per 100 mg of fresh tissue 
per minute. 

Fig. 1 depicts graphically the data obtained 
for both the alkaline (ALK) and acid (AC) 
phosphatase activity of ^Yhole homogenates of 
chick embryo retinas beginning with the 12 th 
day of incubation and ending 3 days after 
hatching. The points on the curv'es represent 
means of data obtained from 3 separate series 
of embryos, incubated under identical condi- 
tions. It will be noted that the alkaline 
phosphatase activity at 12 days is almost 
negligible but rises gradually up to 16 days of 
incubation. Beginning wdth 16 days the ac- 
tivity increases rapidly up to 19 days where 
it reaches a maximum which is maintained 
through the 20th day after which it begins to 
fall at a rate comparable to the rise. How- 
ever, about 3 days after hatching it levels off 
and maintains a rather constant rate. 

The activity of the add phosphatase, on 
the other hand, is relatively high at 12 days 
of incubation and does not appear to show 
any rise until about the 1.3th day. At this 
time there is a very small rise up to 19 days 
when it also decreases and eventually levels 
off at about 24 days. The broken lines on the 
graph designate the level of enzyme activity 
between the 24th and 1 20th day. Weekly 
analyses made between these ages showed no 
appreciable fluctuation in the enzyme activity 
and it is assumed that no further change 
took place. 

It is interesting to note that the peak of 
both alkaline and acid phosphatase activity 
is reached on about the 19th-20th day of in- 
cubation, That the retina is differentiated at 
this time was demonstrated b}"^ the author® 
when it was shown that 18 days after the 


beginning of incubation is the earliest stage 
in the development of the eye at which the 
pupillary constrictor reflex could be elicited 
by light stimuli. 

Since these 2 events, namely completion 
of differentiation and development of maxi- 
mum phosphatase activity correspond so 
closely it would appear that these enzymes 
may be concerned in some way with the 
morphogenesis of the retinal elements. These 
results are of interest therefore in the light 
of the findings of Aloog, who demonstrated 
strikingly similar increases in both the al- 
kaline and acid phosphatase activity of 
homogenates of whole chick embryos between 
the 2nd and 12th day of incubation during 
which time it was assumed that the tissues 
were undergoing differentiation. Thus the 
chick retina, which is known to differentiate 
between the 12th day of incubation and 
hatching time, lends further support to the 
concept that certain phosphomonoesterases 
may enter into the histochemistry of differ- 
entiation of embryonic tissues. 

Summary and conchision. 1. The alkaline 
and acid phosphatase activity was determined 
on _ whole homogenates of embryonic chick 
retina from the 12th day of incubation until 
3 days after hatching. 

2. The alkaline phosphatase activity in- 
creases slow!}' up to 16 days and then more 
rapidly to 19 days, when it reaches a maxi- 
mum. After the 20th day it begins to de- 
crease until 3 days after hatching, at which 
time it establishes a level of activity which is 
apparently constant throughout the life of the 
chicken. 

3. The acid phosphatase activity is consid- 
erably higher than the alkaline at 12 days, 
but shows only a slight increase up to 19 days, 
after which it also falls to a new level. 

4. Since the rise in activity of both acid and 
aikaiine phosphatase correspond closely to the 
period of cellular maturation in the chick 
retina, this seems to give added support to 
the concept that these enzymes mas' be asso- 
ciated -with the histochemistry of differen- 
tiation. 

5Lindeman, V. F., Am. J. Phiisiol, 194r, 148, 
40. 

EecciTcd Mar IS, 1949. P.S.E.B.M., 1949, 71. 
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17215. Infection as a Factor Causing Death in the Eviscerate Rat. 
Dwight J. Ingle and James E. Nezamis. 

■From the Research Laboratories, The Vpjohn Company, Kalamazoo, Mich. 


The data of these experiments indicate that 
the e.xtent of bacterial contamination during 
the procedure of evisceration in the rat is an 
important factor in determining the sundval 
time. Survival was not affected bj' the ad- 
ministration of gelatin or of Tyrode’s solution. 

Methods. Male rats of . the Sprague- 
Dawley strain were maintained on a diet of 
Archer Dog Pellets. The technic of eviscera- 
tion, which is done in 2 stages, has been 
described b}' Ingle.^ When the animals 
reached 250 ± 2 g, they were anesthetized 
(intraperitoneal injection of 18 mg of cyclo- 
pentenjd-allyl-barbituric acid sodium) and 
subjected to the second stage of evisceration. 
Intravenous infusions of solutions containing 
glucose (C.P. Dextrose, Merck) and insulin 
(Regular Insulin, Lilly) were made b}' a 
continuous injection machine which delivered 
fluid into the saphenous vein of the right hind 
leg at the rate of 20 cc per 24 hours. The 
glucose load was 44 mg per 100 g of rat .per 
hour and the insulin dose was 4 units per 24 
hours per rat. Temperature was constant at 
26.5 ± O.S°C. 

The time of survival was determined by use 
of a heart-beat amplifier (Model A, Upjohn) 
which was designed to amplify the D.C. po- 
tential generated by the heart beat to actuate 
a 6-point recording mechanism (Leeds and 
Northrop Micromax S). This apparatus gives 
a permanent visual record of an all-or-none 
response of the amplifier to the beating heart 
of 6 animals simultaneously. 

Experiments and results. It is well known 
that the presence of inorganic ions other than 
sodium and chloride favor the survival of 
perfused isolated organs and tissues. In E.x- 
periment 1, a comparison was made of the 
survival times of eviscerate rats given Ty- 
rode’s solution with the survival times of 
similar rats given 0.9% sodium chloride solu- 
tion. The amount of added glucose and in- 
sulin was the same in each group (see 
methods). Twentj^-one rats given Tyrode’s 

iTngle, D. J., Exp. Meet, and Sitrp., 1943, L 34. 


solution had an average suriuval of 2S22 
minutes with a range of 2457 to 3580 minutes. 
An equal number given saline had an average 
survival of 2818 minutes with a range of 2350 
to 3262 minutes. It was concluded that 
either the use of Tyrode’s solution failed to 
prolong survival to a greater extent than 
saline or that the effect was small. 

As the eviscerate rat approaches death, 
there is a significant decrease in the concen- 
tration of proteins in the blood plasma and 
there is a concomitant increase in the free 
fluid of the body cavities (Ingle, Prestrud, 
and Nezamis, unpublished data). It was 
considered possible that the loss of fluid could 
be decreased and survival prolonged by the 
intravenous administration of a solution of 
colloids which might remain in the blood and 
sustain its osmotic activity. 5% solution 
of degraded and purified gelatin containing 
0.9% sodium chloride (Plazmoid, Upjohn) 
was used. Glucose and insulin were added to 
the solution. Fourteen eviscerate rats given 
gelatin had an average survival of 2509 min- 
utes with a range of 1985 to 3046 minutes. 
Sixteen similar rats given saline with glucose 
and insulin had an average sur\dval of 2748 
minutes -with a range of 2364 to 3076 minutes. 
The administration of gelatin did not reduce 
the rate at which fluid accumulated in the 
body cavities. It was concluded that this 
preparation of gelatin did not prolong the 
surcdval of the eviscerate rats. 

.Although the normal rat has a high natural 
resistance to the infection of wounds, the re- 
sistance of the eviscerate rat to infection is 
verj' low. .A few hours following evisceration 
the peritoneum and even the blood becomes 
heavily charged with bacteria. We hove 
never observed septicemia and peritonitis fol- 
lowing other operations in the rat. The fol- 
lowing organisms have been recovered from 
the peritoneal fluid of rats 24 hours follow- 
ing evisceration: Pseudomonas, hemolytic 
streptococci, E. colt, staphylococci, and Pro- 
teus vulgaris. Our attempts to apply sterile 
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technic, although adequate for all of the many 
other operative procedures which we have 
carried out on the rat, have been only par- 
tially successful in the eviscerate rat. The 
sterilization of the skin of the rat with a 
germicidal agent (Mercresin, Upjohn), the 
use of sterile instruments, the use of sterile 
solutions for the infusions, etc., have greatly 
reduced the extent of bacterial growth per 
unit time, and the peritoneal fluid of an occa- 
sional animal has remained sterile, but uni- 
form success has not been attained. That 
infection is an important factor in limiting 
the survival of these animals is indicated by 
the following results. 

In Experiment 3, 26 rats which were evis- 
cerated irithout asepsis had an average sur- 
vival of 2743 ± 109 minutes, whereas 26 
rats which were eviscerated under “aseptic” 
conditions had an average survival of 3113 
i; 67 minutes. The standard deviation of 
the difference (370) was 129. The ratio 
between the difference and its standard devia- 
tion was 2.9, thereby meeting the usual re- 
quirements of statistical significance. 

Discussion. .-Mthough a solution containing 
potassium, calcium, magnesium, phosphate 
and bicarbonate ions in addition to sodium 
and chloride is superior to saline alone for 
the perfusion of isolated tissues, the adminis- 
tration of Tyrode’s solution to the eviscerate 
rat failed to have a significantly more favor- 
able effect on survival than physiological 
saline. The blood and tissues of the eviscerate 
rat contain an optimal concentration and 
distribution of these ions at the time of 
operation and it is probable that no lack of 
these substances develops during its survival. 

Hepatic insufficiency is characterized by 
the development of ascites. The extent to 
which the loss of fluid from the blood into the 
body cavities may be due to a decrease in 
plasma proteins is not known to us. The ad- 
ministration of gelatin did not inhibit the 
rapid accumulation of fluid in the body cavi- 


ties, nor did it prolong survival. Other 
plasma substitutes should be tested in the 
eviscerate rat. 

The readiness with which the eviscerate rat 
develops septicemia and its low resistance to 
infection of the peritoneal cavity in contrast 
to the high resistance of the non-eviscerate rat 
offer interesting problems. The future suc- 
cess of our efforts to prolong the survival of 
the eviscerate rat will depend in part upon 
the outcome of our attempts to completely 
prevent infection. Even the partial success 
of our present efforts has significantly pro- 
longed the survival of these animals. The 
average survival of the “aseptic” group of 
Experiment 3 is longer than has been reported 
in the literature for any series of liv’erless 
mammals. The longest survival of an\r single 
animal of our series to date is 63 hours and 
47 minutes. 

Smnntary. Eviscerate male rats were given 
continuous intravenous infusions of solutions 
containing glucose and insulin. The times of 
survival were determined by a heart-beat re- 
corder. The substitution of Tyrode's solution 
and of Sfo gelatin for 0.9% sodium chloride 
in the infusion fluid failed to prolong sur- 
vivals. The rats which were eviscerated 
without sterile technic developed septicemia 
and peritonitis. The attempts to maintain 
asepsis during the procedure of evisceration 
were not uniformly successful, but the average 
sun'wal of 26 rats operated under “aseptic” 
conditions was 3113 ± 67 minutes as com- 
pared to 2743 ± 109 minutes for 26 rats 
operated without asepsis. The maximum sur- 
vival time recorded for any animal was 63 
hours and 47 minutes. 

We wish to express our appreeiation to l>tary 
-Aim Xook, Department of Bacteriologj', The Up- 
john Lalmratories. wlio earried out tlie baeterio- 
logU* studies for tliese experiment.s. 

Reeeived April 29, 1949. P.R.E.B.M., 1949, 71. 
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17216. Experimental Lathyrism in the White Rat and Mouse.* 

O 

Howard B. Lewis and Arthur R. Schulert. 

From the Department of Biotogical Chemistry, Medical School, University of Michigan, 

Ann Arbor. 


une 01 us (L.) has recently reported studies 
of the production of experimental ]ath 3 'rism 
in the white rat.^ Of the species studied, the 
most characteristic symptoms resulted from 
the ingestion of the seeds of Lathynis odora- 
tiis (the flowering sweet pea) while the seeds 
of Lathynis sylvestris Wagneri (flat pea) 
were most toxic, since death resulted within 
a few days and after the consumption of as 
little as 4 g of the legume. The toxic prin- 
ciple was readily extracted with 30% ethanol 
in every case. 

In the present study, we report observations 
on the seeds of another species of Lathynis, 
Lathynis latijoUus (the perennial or everlast- 
ing pea), commonly grown for its flowers in 
gardens. 1 The finely ground meal was in- 

corporated into the diet of young male white 
rats (50-60 g) at the 50% level as in previous 
experiments.^ .'Animals fed the Lathynis 
lattjoUm meal diet showed, signs of marked 
intoxication and died in from 3 to 8 days after 
the beginning of the experiment. A typical 
protocol in condensed form is presented here. 
A rat of 70.4 g gained 8 g and consumed 20 g 
of the diet {i.e., 10 g of the legume) in the 
first 2 days of the e.xperiment. On the 3rd 
da}’’, 4.3 g were eaten and on the 3 following 
days, 0.4 to 1.0 g. Violent convulsions, 
marked reactions to external stimuli such as 
tapping the cage with a rod, and partial 
paralysis appeared on the 5th day and death 
resulted on the 6th day. A similar picture 
■was presented in 6 other rats which received 
the latijoUus meal. The symptoms were sim- 

* This work has been made possible by a grant 
from the Board of Governors of the Horace H. 
Backham School of. Graduate Studies of the TJni- 
varsity of Jlichigan. 

1 Lmvis, H. B., F.ajans, E. S., Esterer, Jf. B., 
Chen, C.-AV., and Oliphant, M., d. Knirition, 1948, 
30, 537. 

t Obtained through the cooperation of Be.v D. 
Pearce of Moorcstown, X. J. 


ilar in most respects to those already reported 
in rats fed seeds of Lathynis sylvestris IVag- 
neri. Control rats fed the edible white pea of 
commerce (Pistim sativum, var. an'cnsc) ate 
well, gained steadily and showed no signs of 
toxicity. It is evident that this species of 
Lathynis was more toxic for rats than was 
any of the other species previously studied in 
this laboratory e.\cept L. sylvestris Wagneri. 
Mr. Roland McKee of the United States De- 
partment of Agriculture in a private com- 
munication received before the experiments 
with Lathynis latijoUus were undertaken, has 
stated that “I have always considered this 
species as very closely related to L. sylves- 
tris.” It is of considerable interest that the 
toxicity of latijoUus is so similar to that of 
sylvestris Wagneri. 

Marked variations in the susceptibility of 
domestic or laboratory animals to Lathynis 
into.xication have been observed.-’® We have 
studied in young white mice the effects of the 
consumption of the seeds of Lathynis odora- 
tus, the species of Lathynis with which most 
■t 3 ^ical symptoms of e.xperimental lathyrism 
in the young ivhite rat were observed. The diet 
was similar to that used in previous e.xperi- 
ments iwth rats.* However, since the protein 
requirement of the diet of the smaller animal, 
the white mouse, is greater than that of the 
rat, the amount of casein was increased from 
10 to 15%, the extra casein replacing an 
equivalent weight of starch. IWien young 
male white mice of 12-15 g iveight were fed. 
diets containing 50% of odoratus meal, they 
grew well until a weight of approximately 
25-30 g was reached. The increments of 
weight were in every respect similar to those 
of pair-fed control mates which received diets 
containing Pistim sativum. The gains per 100 

2 Scliucharclf, B., Dent. Arch. lUn. Med., JSSC- 
87, 40, 312. 

3 Stockman, B., J. Pharm. Exp. Thcrap., 1920, 

37, 43. 
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g of food consumed for the first 20 days were 
essentially the same, 11.8 and 11.0, respec- 
tively. Although the diet was maintained 
over a period of 17 weeks, no symptoms of 
lathyrism were observed. Since we were using 
a new lot of L. odoratus peas, we felt it 
necessary to confirm previous obsen’ations of 
the toxicity of this species for rats. Accord- 
ingly, we repeated our previous experiments' 
m'th the new shipment of sweet pea seed. 
.•\11 the rats developed characteristic experi- 
mental lathyrism in from 3 to 6 weeks. In 
view of the failure of young white mice to 
exhibit any symptoms of lathyrism on diets 
containing odoratus, it is notable that the 
mice ate from 71 to 86 g (average 77 g) of 
diet per 100 g of body weight over a typical 
4-day period (17th to the 20lh day of the 
experiment). This consumption was tnice 
that of the young white rats under similar 
conditions (37.5 g), rats which without e.x- 
ception showed signs of acute lathyrism. 

Since white mice fed odoratus showed no 
evidence of toxicity, it was of interest to 
study the effects of diets containing the 2 
species of Lathyrus, which had proven to be 
most injurious to rats, i.c., Lathyrus sylvestris 
JVagneri and Lathyrus latifolius. Three mice 
received diets containing 507c latijolius. Xone 
showed the marked irritability, convulsions or 
paralysis seen in rats fed this diet, but all lost 
weight rapidly, decreased the food consump- 
tion and died in 5, 10 and 12 days, respec- 
tively. Two mice, fed diets containing lati- 


jolius extracted with 30^(; ethanol as pre- 
viously described' maintained their .-weight, 
ate the diet well and surcdved with mo signs 
of toxicity for IS days, at which time lack of 
available legume resulted in the termination 
of the experiment. 

Three mice fed diets containing 507; of 
L. syk'cstris Wagucrt seed lost weight rapidly 
and died in 4, 6, and 7 days, respectively. 
Increased irritability and convulsions were 
obsetx’ed, but these symptoms were, perhaps, 
slightly less acute than in young white rats. 

It is of some interest to note that 
Schuchardt- in his classical paper on lathyr- 
ism states that Lathyrus sylvestris and 
Lathyrus laiifolius afford “essbare Samen!” 

Summary. 1. Young white mice of 12 to 
IS g body weight fed diets containing 50% 
Lathyrus odoratus meal grew well and showed 
no development of experimental lathyrism in 
17 weeks, although young white rats which 
received a similar diet developed e.vperimental 
lathyrism in from 3 to 6 weeks. 2. Diets 
containing Lathyrus latijolius meal (50%) 
were toxic for both rats and mice, death oc- 
curring in from 3 to 8 days (rats) and 5 to 
12 days (mice). The extraction of seed of 
Lathyrus latijolius meal with 30% ethanol 
removed the toxic principle. Mice fed the 
extracted meal surxdved and appeared normal 
over a period of IS days. 3. Mice fed 
Lathyrus sylvestris seed died with symptoms 
of acute toxicity in 4 to 7 days. 

Received M.iy 31, 1949. P.S.E.B.M., 1949, 71. 


17217. Glycogen in Rachitic Cartilage and Its Relation to Healing.* 
Richard H. Follis, Jr. (Introduced by .Arnold R. Rich.) 

From the Department of Fatholoffy, Johns fiToptiTis VniversHii, Datiimore, Md 


The presence of glycogen in cartilage was 
described almost 100 years ago by Charles 
Rouget.' During the intervening years the 
feeling has grown that glycogen might have 
some relation to the calcification process. 

* Aided bv a grant from Mead Johnson and 
Company. 

r Rouget, C., J. de la Physiol., 1859, 2, 308. 


Marchand- noted the high glycogen content 
of hypertrophic cartilage cells in the region 
of lime salt deposition. Hoffmann et al? ob- 
served that “a striking relationship exists 
between the disappearance of glycogen in car- 

2 Marchand, V., Firch. Arch., 1885, 100, 42. 

3 Hoffmann, .A., Lehmann, 6., and TVertheimer, 
E., Pflnper’s Arciiit'., 1928, 220, 183. 
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Fig. 1. 

Epipliyscal cartilage of raeliitie rat. Note widened zone of hypertropliie colls, tlie upper- 
most ones of which- contain dark accumulations of glycogen. The cell nuclei stain poorly 
and should not be confused with the glycogen. Periodic acid-leucofuehsin technic. 

Fig. 2. 

Epiphyseal cartilage of rachitic rat (same magnification as Fig. 1) which had been 
given phosphate intraperitoneally 24 hours before. Note initial deposition of inorganic 
material in upper portion of hypertrophic cartilage corresponding to zone in which glycogen 
is found. Von Kossa technic. 


.tilage -and its ossification.” Harris, shortly 
thereafter, suggested that glycogen might 
have a bearing on the process of calcification, 
possibly being related to Robison’s'”’ phospha- 
tase mechanism. More recently, the presence 
of glycogen in hypertrophic cartilage cells 
has assumed further importance as a result 
of Gutman’s'"’ demonstration of phosphorylase 
activity in epiphyseal cartilage. 

The following observations, ■which are part 
of a general histochemical survey of normal 
and diseased cartilage and bone,"^ are briefly 
reported because of the further evidence they 
bring to bear on the relationship of gljxogen 
to the calcification mechanism. Weanling 
rats ivere placed on the Steenbock rachito- 
genic diet (No. 2965) supplemented with 

-1 Harris, H. A., Xatiirc, 1932, 130, 99C. 

^ Robison, R., Siochein. J., 1923, 17, 2S6. 

« Gutman, A. B., and Gutman, E. B., Proc. Soc. 
Exp. Biol, and Med., 1941, 48, 687. 

7 Foliis, R. H,, Jr., and Bertlirong, M., Am. J- 
Path., 1948, 34, 686. 


crystalline vitamins, .^fter one to 5 weeks 
on this regimen some of the rats were in- 
jected intraperitoneally with 2.5 cc per 100 
g of animal of a mixture of I part iNI/lO 
NaH 2 P 04 and 4 parts jM/ 10 NaoHPOi to 
produce healing as recommended by Urist and 
McLean.® Such animals were killed from 12 
to 24 hours afterward; uninjected rachitic 
controls were likewise sacrificed. The upper 
end of the tibia was fi-xed in neutral formol- 
alcohol and, after sectioning without decalci- 
fication, stained for glycogen by the Bauer or 
McManus technics and for inorganic ma- 
terials by the von Kossa procedure. 

Glycogen is not present in the widened zone 
of hypertrophic cells, so characteristic of 
rickets. Glycogen is present in the usual 
increasing amounts in the cells which are 
undergoing the normal maturation cycle at 
the upper margin of the widened zone of 
hypertrophic cells. In other words, glycogen 

SXJri.st, M. R., and McLvan, F. C., .T. Pone nnti 
Joint Surp., 1941, 3.3, 283. 
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appears in normal fashion as the cartilage cell 
reaches its full stage of differentiation; as the 
cell persists, however, for reasons which are 
not clear at this time, the glycogen disappears. 
In the rachitic animals in which healing had 
not been induced, no deposition of inorganic 
material is present in the vicinit}- of the hy- 
pertrophic glycogen containing cells, or those 
from which glycogen has disappeared. WTien 
healing was instituted, it took place, as has 
often been noted both m vivo'^ and in vitro,’'’* 
in the matrix adjacent to those cartilage cells 
which have most recently matured, that is, 
in the immediate vicinity of the cells rvhich 
contain abundant glycogen and, in the early 
period of observation, not down farther in the 
matrix adjacent to the hviJertrophic cells de- 
void of glycogen. There is thus a regional 
relationship between the presence of glycogen 
and deposition of inorganic elements as dem- 
onstrated by the von Kossa technic. It is, 
of course, impossible to determine any precise 
reciprocal relationship between the disappear- 
ance of glycogen and the appearance of inor- 
ganic materials since to follow the disappear- 
ance of one and the appearance of the other 
is not possible. It is hoped that quantitative 
methods'* now available, using larger animals, 
can be applied to study this particular prob- 
lem. 

•’ McCollum, E. V., .Simmonds, X., SliijiU-y. P. G.. 
.ond Park, E. X., .1. Biol. Chcm., 1922, 51, 41. 

Sliipley, P. G.. Kramer, B., and Howland, .1.. 
niochem. J.. 1920, 20, 379. 

11 Follis, R. n.. .Ir., Ferl. Proc., 1949, 8, 480. 


The glycogen content of rachitic cartilage 
has received little attention. Some years ago 
Suppes'- reported obseix'ations on postmor- 
tem human material and concluded that 
rachitic cartilage did not contain ghxogen. 
Xo mention was made of the presence of 
glycogen in the uppermost hypertrophic cells 
so that one suspects autolytic changes may 
have been a complicating factor. 

The localization of glycogen in rachitic car- 
tilage in the region where calcification first 
appears during healing is, of course, important 
in an\' theory' of calcification which has the 
gl3'cogenolytic cj'cle as its basis."’ More pre- 
cise localization of phosphoiy'lase actiwU''* as 
well as that of other enzymes which partici- 
pate in the cycle will have to be carried out 
before such an hi-pothesis can be fulh- ac- 
cepted. 

Summary. Glycogen is present in rachitic 
cartilage only in the most recently matured 
hypertrophic cells. The broad zone of hx-per- 
trophic cells beneath is devoid of glycogen. 
This localization coincides with the area 
where inorganic elements deposit during the 
initial stages of healing and furnishes further 
evidence for the relationship of glycogen, and 
possibly the glycogenolytic cj'cle. to the cal- 
cification mechanism. 

12 .Suj>i)f.<5. .J., Frauh. Z. Pnth., 1922, 20, 26S. 

12 Gutman, A. B„ Trans. Conf. on Metabolic 
.\si>ects of Convalescence, .Tosiah Maev, .Tr, Foun- 
dation, 1940. 14, 20. 
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17218. Simultaneous Administration of Adrenal Cortical Extract and Des- 
oxycorticosterone ; Eflects on Blood Pressure of Hypertensive 
Patients.* 


George Perera axd Kersiit L. Pines. 

From the Department of Medicine, Columbia rnifereili/ Colirffe of Phymrianx and Svrgeom, 
and the Presbyterian Uogpitnl in .Veir Yorl: City. 


Prenous studies' have indicated that the 


* Thi.s investigation was .supported, in part, by 
a research grant from the National Heart Insti- 
tute, U. .S. Public Health Service, and was aided 
through the genero.sity of the Albert and Mary 
Imsker Foundation. 


continued administration of an adrenal cortical 
extract may be associated with a decrease in 
the “resting" blood pressure of patients with 

1 Pines, K. L., Perera, G. A., Vislocky, K., and 
Barrow.s, A. D., Pp.oc. Foe. Exp. Biol, and Med., 
194S, G8, 28G. 
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uncomplicated hj'pertensive vascular disease. 
Inasmuch as the daity injection of desoxycorti- 
costerone acetate has consistently produced at 
least a transitory and sometimes a sustained 
pressor response under comparable condi- 
tions, the effect of both agents was obsen'ed 
when given in combination. 

Methods. Two men and 3 women with un- 
complicated hypertensive vascular disease 
were studied on the metabolism ward of the 
Presbyterian Hospital. The criteria in selec- 
tion of patients and the methods employed 
were identical to those previously described.^ 
All subjects were maintained on a constant 
dietarj'-j fluid and sodium chloride intake. Fol- 
lowing a 3-week baseline period, deso.xycorti- 
costerone acetate! (DCA) was administered 
subcutaneously in 5 mg doses twice daily; 
and adrenal cortical extract (Ilpjohn) (ACE) 
was given intramuscularly in 10 cc doses 
twice daily, both materials being injected for 


B, P. 
m.m. H9. 


SYSTOLIC 


JIASTOLIG 



bCAJOmgs. 
>■ 21 28 


lOSPITAL DAY ► 21 28 *■ 21 28 

Fig. 1. 

Al.iximum, minimum and mean svsfolic and 
^st'olic blood pressures of 12 b.^iertcnsive jm- 
mts giren DCA and o given botli DCA and ACE. 

ePerera.^GTXJ and~^ Blood, D. W., Ann. Jni. 
•a., 1947, 27, 401. 

3 Percra, G. A., Froc. Soc. E.xp. Biol, and JIed. 
}8, C8, 48. 

iPerera, G. A., and Blood, D. W., J. Clin. 
,<est., 1947, 20, 1109. 

Dcsoxvcorticosteronc acet.afe (DOCA) nas 
, plied tlirougli the generosity of Dr. K. TV. 
jropson of Boclie-Organon, Inc., Nuflcy, N. J. 
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a period of a rreek. The results were com- 
pared to those previously obtained in 14 pa- 
tients receiving only DCAy two of whom 
being included in the present series after re- 
peatedly demonstrating a prompt rise in blood 
pressure in association with this steroid given 
alone. 

Results. The combination of DCA and 
ACE generally produced increases in weight, 
hemodilution, reductions in urinary volume, 
and sodium and chloride retention. These 
changes were similar to those obsetA'ed after 
DC.A alone. No consistent alterations in 
serum sodium or chloride values were noted. 


but reductions in serum potassium levels were 
again evident in the majority (Table I). In 
no instance was fever, leucocytosis, eosinophil- 
ia or rise in erythrocyte sedimentation rate 
produced by these agents. In all patients 
there were either minimal changes in “resting” 
blood pressure or an actual decline (Fig. 1). 

Conclusions. In patients with hrmertensive 
vascular disease, the simultaneous adminis- 
tration of an adrenal cortical extract appears 
to block the pressor effect of desoxwcorticos- 
terone acetate when used alone. 

10.1049. P..S.E.B.N.. 1049, 71. 


17219. Effect of 11-Desoxycorticosterone Acetate upon Carbohydrate Utili- 
zation by the Depancreatized Rat.* 


•Arne N. Wick, Nancy .Ackerman and Eaton M. MacKay. 
From The Scripps iletahotic Clinic, La Jolla, Calif. 


In recent years it generally has been 
thought that only those steroids of the adrenal 
cortex which have an oxygen atom at the 
II position in ring C can directly influence 
carbohydrate metabolism. In particular, the 
svmthetic compound 11-desoxycorticosterone. 
which has not even been demonstrated with 
certainty to occur in the gland and which is 
e.xceedingly potent in causing sodium reten- 
tion, has been considered to have no carbo- 
hydrate action. However, Yerzar and his 
co-workers have demonstrated^ that this ster- 
oid may reduce glycogen synthesis in isolated 
diaphragm muscle and may prevent the in- 
creased glycogen formation produced in this 
tissue by insulin. Using glucose labeled with 
carbon 14, this observation has been con- 
firmed and extended in this laboratory.- 

Ingle® recently has found that in rats made 

* This inTcstig.^tion was supported by a research 
grant from the Bivision of Gr.ants and Fellowships 
of the National Institutes of Health, V. S. Public 
■'Health .Service. 

1 Verzar, F., and Wenner, V.. Biochem. J., 1948, 
42, 35; 194S, 42, 4S. 

e Bartlett, G. E., Wicl:, A. .N., and M.-»cK 3 y, 
E. M., J. Biol. Chem., 1949, 178, 1003. 


diabetic by partial pancreatectomy, ll-des- 
oxycorticosterone acetate caused a slight de- 
crease in the level of urinary glucose when 
given in small doses, while large doses of the 
steroid led to a marked exacerbation of the 
glycosuria. 

Our experiments were carried out in an at- 
tempt to find out if desoxycorticosterone would 
oppose the action of insulin in the diabetic or- 
ganism. 

Methods, hlale albino rats of the Slonaker 
strain'* were depancreatized at 6 weeks of age 
in the usual manner.’' The rats were main- 
tained on Purina Chow until 1 week before 
the start of the experiment at which time they 
were fed the following rather high carbohy- 
drate diet: Sucrose 50, casein 18, yeast 10, 
salt mixture 4, C.L.O. 4, lard 14. .After their 
diabetes was stabilized on this above diet, 
the animals were placed in individual metab- 
olism cages. The rats were weighed and their 
food intake determined daily. The urine was 

3 lugle, Bwight J., Proc. Soc. Ext. Biol, and 
Med., 194S, 60, 329, 

4 itacKar, L. L., .Im. J. Phijgiol. 192S, 86, 215. 

3 Pauls, Frances, and Brury. Bouglas E., J. Biol. 

Chem., 1942, 145, 4S1. 
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uncomplicated hypertensive vascular disease. 
Inasmuch as the dail}’ injection of deso.wcorti- 
costerone acetate has consistent!}' produced at 
least a transitory and sometimes a sustained 
pressor response under comparable condi- 
tions/’-'* the effect of both agents i\-as observed 
ivhen given in combination. 

Mef/rods. Two men and 3 women with un- 
complicated h}pertensive vascular disease 
were studied' on the metabolism ward of the 
Presbyterian Hospital. The criteria in selec- 
tion of patients and the methods employed 
were identical to those previously described.'* 
All subjects were maintained on a constant 
dietary, fluid and sodium chloride intake. Fol- 
lowdng a 3-week baseline period, deso.vycorti- 
costerone acetate! (DCA) was administered 
subcutaneously in 5 mg doses twice daih'j 
and adrenal cortical extract (Upjohn) (ACE) 
was given intramuscularly in 10 cc doses 
twice daily, both materials being injected for 


B. p. 


m.m. Hg. 




niid moan svstolic and 


Maximum, inimmuiu 
diastolic blood pressures of 12 li.n’ertcnBive 
tients given DCA and o gn-eii both DCA and A 


pn- 

ACE. 


sperera, G. A., and Blood, D. W.. Ann. Inf. 
3Ied., 19i7, 27, 401. 

s Percra, G. A., Paor. Soc. Exr. Bior,. and Med. 


194S, GS, 48. 

4 Percra, G. A., and Blood, D. W., .7. Clin. 
Inve.^f., 19i7, 20, 110.0. 

t Dcsoxvcortieosteronc acetate (DOGA) was 
supplied tlirough tbe generosity of Dr. K. W. 
Thompson of Boche-Organon, Inc., Nutley, X. .7. 
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17220. Effect of Folic Acid, “4-Amino” Folic Acids and Related Substances 
on Growth of Chick Embryo.* 

DA\^D .4. K-arnofsky, Priscilla A. Patterson, and Lois P. Ridgway. 
(Introduced by C. P. Rhoads.) 

From the SInan-Kcttering Iiii<tiUitc for Cancer Hcsearcli, Xeir York Citi/. 


Pteroylglutamic acid (folic acid) has an 
essential role in the growth of bacteria, proto- 
zoa, insects, birds and mammals.^ Several 
weak folic acid antagonists were first describ- 
ed in I947,--® and shortly aftenvards Seeger 
et al.* discovered 4-aniino pteroylglutamic 
acid, an extremely powerful antagonist to folic 
acid by the Streptococcus jecalis R test. 
Franklin et at:' found that 4-amino PGA 
was toxic to mice, and that folic acid offered 
only slight protection, and this within a 
narrow dose range. 4-amino PG.A and some 
of its related compounds produced a to.xic 
picture in mammals somewhat similar to that 
of other systemic cell poisons, such as x-rays 
and nitrogen mustard, with lymph node re- 
gression, leucopenia and thrombocytopenia 
with bone marrow aplasia, diarrhea with 
sloughing of the intestinal mucosa, and death 
within 3 to 4 days after a single acute dose. 
Philips, Thiersch et have reviewed the 

• This study was aided by a grant from tlie Jane 
Coffin Cliilds Memorial Fund for Medical Rcsearcli 
and the National Cancer Institute of the National 
Institute of Health, XTiited States Public Health 
Service. Most of the drugs used were supplied by 
the Lederle Laboratories Division and the Calco 
Laboratories of the American Cyanamid Com- 
pany; 2,G-dinminopurine was supplied by the tVell- 
oome Research Laboratories. 

I Jukes. T. H., and Stokstad, E, L. R., Phyxiol. 
Itcv., 194S, 28, 51. 

- Franklin, .A. L., Stokstad, E. L. R., and .Tukes, 
T. H., Proc. Soc. Exp, Biol, .^xd Med., 1947, 05, 
308. 

■’ Hutchings, B. L., Mowat. J. H., Oleson, J. J., 
Stokstad, E. L. R., Boothe, J. IL, Waller, C. W., 
•Angier, R. B., .Semb, J., and .SubbaRow, T., J. 
Biol. Chem.. 1947, 170, 323. 

I Seeger, O. R., .Smith, J. M., Jr., and Hultqnist, 
M, E., j. Am. Chem. Soc., 1947, CO, 2.5G7. 

Franklin. A. L., Stokstad, E. L. R., .and Jukes. 
T. H., Pkoc. Soc. Exp. Biol. .\xd Med., 194S, 07, 
39S. 


pharmacologi' of these compounds and they 
conclude that the “4-amino” compounds are 
true folic acid antagonists, but are unique as 
anti-metabolites in that they induce an acute 
and absolute folic acid deficiencj’^ phi'siologic- 
ally, even in the presence of folic acid. Be- 
cause of the actions of the “4-amino” folic 
acids, a study was made of the effect of these 
and related compounds on the growth of the 
chick embryo. 

Methods. Fertile RTiite Leghorn eggs were 
obtained from a commercial source. The eggs 
were incubated at 100°F, and a relative 
humidity of 75%. In most instances the em- 
bryos were injected with the test agent at 
4 days of incubation. The chemicals were 
dissolved in sterile saline and injected into 
the yolk sac by introducing a No. 25 needle 
through a small hole at the blunt end of 
the egg. The total volume injected into 
each egg ranged between 0.1 and 0.2 cc; 
larger volumes were sometimes necessarj' for 
the large doses of the relatively non-toxic 
drugs. When most of the embryos in a given 
group were dead, those remaining were some- 
times sacrificed for detailed examination. 
The toxicity e.xperiments were usuallj- con- 
cluded by sacrificing the embryos 8 to 10 
days after injection, when the embryos were 
12 to 14 days of age. 

The 15 compounds used in this study are 
listed in Table I. 

Results. .After considerable e.xploration, 
the 4 day old embryo was selected as most 

•• Philips, F. S., and Thicrseli, .T. B., J. Pliarm. 
anti Exp. Therap., 1949, 95, 303. 

7 Philips, F. S., Thiersch, J. B., and Ferguson, 
F. C., Ann. Xeic York Acad. ,Sci., in press. 

8 Thiersch, J. B., and Philips, F. .S., A m. .J. Med. 
Sei., 1949, 217, 575. 

a Hitchings, G. H., Elion, G. B., VanderWerff, 
H., and Fako, E. A., J. Biol. Chem., 194S, 174, 
7C5. 
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Effect Desoxycorticosterone 


UPON Carbohydrate Utilization 



Eiietf. of insulin and BOCA on food intake, 
mine sugar and body n-ciglit in dcpancreatizcd 
rats. 


collected with a preservative in 24 hour 
samples and sugar e.xcretion determined b}' 
the Shaffer-Somogyi method." Protamine 
zinc insulin' was administered in doses of 1 
unit 2 times daily. Desoxycorticosterone ace- 
tate (DOCA)i was made up in oil at a con- 
centration of 10 mg per ml. It was given b3' 
subcutaneous injection in divided doses each 
morning and late afternoon. Food was given 
ad libitum. 

Results. Fig. 1 presents the significant data 
as averages for 6 rats. The figures for the 
individual rats show no important differences 

C Shaffer, P. A., and Sniiingyi, til., J. Bio!. 
Chcm., 1933, 100* C95. 

t We are indebted to Dr. F. B. Beck of the Lilly 
Bescareh Laboratories for a supply of insulin. 

t Dr. Edward Henderson of the Schering _Cor- 
poration supplied the deso.xycorticosterone acetate 
(“Cortate”) in oil which was used. 


from the averages. As usual insulin decreased 
the food intake and increased the weight gain 
by reducing the glycosuria. The deso.xycorti- 
costerone acetate in a dose of 10 mg per rat 
per day for 6 days had no influence upon Uie 
action of insulin. The DOCA also had no in- 
fluence when given in the same dose without 
insulin during an intense diabetes. 

Discussion. At first glance our results ap- 
pear to be at variance with those reported by 
Ingle." This investigator’s rats had a milder 
diabetes than ours and were force fed with 
a constant food intake. Iw our experiments 
the food intake varied with the desire of the 
animals. Had the food intake been fixed at 
the high pre-insulin level during the period 
of insulin administration, the DOCA adminis- 
tration might have opposed the insulin action, 
which was largely one of storing sugar." It 
does seem odd that when no insulin was being 
gis'en, DOCA in large doses failed to affect the 
gl^'cosuria. This difference from Ingle’s re- 
sults may be due to the greater severity of 
the diabetes in our rats which may have’ been 
so severe that an e.xacerbation was not pos- 
sible. 

Summary. Severely diabetic depancreatized 
male rats reacted as usual to protamine zinc 
insulin administration by reducing their food 
intake but gaining weight through a reduction 
in the glycosuria. Desoxycorticosterone ace- 
tate in large doses was without measurable in- 
fluence on the body weight gain or glycosuria. 
The glycosuria of the severely diabetic rat 
wdthout insulin therapy and receiving food ad 
libitum was unaffected by similar doses of 
desoxycorticosterone acetate. 

1949, '^1. 
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Fig. 1. 

Appearance of a normal and stunted embryo, on candling, and in the opened egg. Tlie 
normal appearing embryo reeeiTcd 0.003 nig/egg of 4-amino 9-mcthyl PGA at 4 days of age, 
sacrificed at 11 days of age. A) The vascular pattern, as seen by candling, appears normal. 
B) Tlie embryo appears to be normally developed, and the allantois has extended laterally to 
envelo]) the contents of the egg. The abnormal embryo received 0.004 mg/egg of 4-amino 
O nicthyl PGA at 4 days of age, sacrificed at 11 days of age. C) The vascular pattern of the 
allantois, as seen by candling, is limited to a. small area, about 3X3 cm, and it is separated 
from the yolk vessels. D) The embryo is severely stunted and abnormal, the amniotic sac is 
relatively enlarged, and the allantois is a large sac full of clear liquid. 


satisfactory for routine use. Viability was 
easily determined by candling. The 4 day 
old embryos seemed to survive toxic doses 
of the “4-amino” folic acids for longer periods 
than the younger embryos, and developmental 
abnormalities were more conspicuous in those 
embryos surviving for longer periods. Older 
embryos required larger doses of the drugs, 
and developmental abnormalities were not 
as apparent. 


Toxicity determinations in the chick em- 
brj'o are subject to considerable variability, 
which may be attributed to some extent to 
differences in the genetic and nutritional 
background of the embryo, the season of the 
year, the age of the embrt'o at treatment, and 
the trauma associated with the injection. 
The LD,-,o figures are, therefore, approximate 
and represent the minimum dose range in 
which the compound shows activity. The 
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da\'S old; it is unlikely that many can sundve 
beyond this age. 

These embryo abnormalities were not pro- 
duced by pteroyl aspartic acid (de.vtro) 
(XII) and (racemic) (XIII), bi' 9 methyl 
pteroylglutamic acid (XIV), also weak folic 
acid antagonists--^ and b}' N’® methylpteroic 
acid (XI). 

2,6-diaminopurine is included in this report 
because Ditchings ct alP found that it acted 
as an antagonist of folic acid over a limited 
range, and as an antagonist of adenine over 
a more extended range, in the growth of 
Lactobacillus casci. It also damages the hema- 
topoietic sj'stem of laboratory animals,’® and 
prolongs the survival time of mice with trans- 
planted leukemia,” actions qualitatively 
similar to those of the “4-amino'’ anti- 
folics.®-’- 

In the 4-day-old chick embryo, 2,6-diani- 
inopurine is a moderately toxic compound, the 
LD:,o being in the range of 1 mg/egg. The 
mortality pattern seems to differ appreciably 
from the “4-amino” compounds in that, in 
the LD-.o range, many of the embryos may 
suiY’ive for longer than S days. At this dose, 
the embryos surviving for longer than 5 days 
did not appear appreciably stunted, but the}' 
were extraordinarily pale and a few random 
hemoglobin determinations showed values 
much lower than the normal. Probably as a 
result of the anemia, cardiac enlargement was 
also conspicuous in some of these embryos. 
Other findings were less constant, and they 
included generalized edema, abnormal lower 
beaks, and necrotic areas in the liver. Daniel 
ct aiP-’ found that 2-amino-4-hydroxy-6,7- 
dimethyl pteridine and 2-amino-4-hydroxy- 
6,7-diphenylpteridine inhibited growth and 
hemoglobin formation in the chick, but the 
effect could be counteracted by folic acid. 

UI Philips, K. S., ,nid Thierch, J. B., Frd. Am. 
Soc. Kxp. Bint, Proc., 1049, 8, 325. 

H Burc-hcnal, .T. H., Boiiclich, A., Brown, G. B., 
Elion. G. B., Hitchings, G. H., RIid.-kIs, C. P., and 
Stock, C. C., Cancer, 1040, 2, 110. 

1- nurclional, J. 11.^ Burclicnal, J. E., Kusliula, 
M., Johnston, S., and Williams, B. S., Canerr, 
1040, 2, 113. 

IS Pnnicl, L. .1., Scott, M. L., Norris, L. C., and 
lleu.ser, G. P., J. Biol. Chcni., 1940, 173, 123. 


The toxicity of 2,6-diaminopurine in the egg, 
however, could not be altered by adenine 
(20 mg/egg) or by folic acid (10 mg/egg). 

Attempts to determine whether folic acid 
provided the chick embryo with some protec- 
tion against the “4-amino” compounds have 
been unsuccessful. Twenty mg of folic acid 
were given almost simultaneously with dif- 
ferent dose levels (multiples of the approxi- 
mate LD.-,n) of 4-amino PG.^ (IV) and 4- 
amino N’" methyl PG.A (V), a weight ratio 
of 1000 to 4000 to 1, but no clear-cut protec- 
tion could be demonstrated. There were 
several experiments in which folic acid pro- 
tected the chick embryo against 4-amino 
pteroyl aspartic acid, but this could not be 
demonstrated consistently. There is no evi- 
dence in these experiments that folic acid, 
within the closed system provided by the egg, 
gave any significant protection against the 
“anti-folic” compounds; in fact, the stunted 
embryos, produced by the “4-amino'’ anti- 
folics, occurred in the presence of folic acid. 

Discussion. It is not clear whether ^the 
profound stunting of the chick embryo pro- 
duced by the “4-amino’’ anti-folics is due to 
a general interference with the growth of 
the embryo or due to injury to a specific 
tissue which leads to retardation in the 
growth of the embryo. Wagley and ^lorgan” 
found that the “4-amino’’ PG.‘\’s in the chick 
embryo produced marked cytological changes 
in the yolk sac blood islets, and we have ob- 
served that the vascular network of the chori- 
oallantoic membrane is considerably reduced 
in size in the stunted embryos. Hertz and 
Tullner,’-"' in demonstrating that “4-amino” 
PG.-\ inhibits the response of the chick ovi- 
duct to estrogen stimulation, also implied 
that it acted on specific tissues. We tend to 
favor the more general interpretation, how- 
ever, that the “4-amino” folic acids interfere 
with the growth of tissues — those growing 
more rapidly being most obviously affected — 
and the thesis that it interferes with the 
growth of certain tissues, in a highly specific 
fashion, remains to be proved. 

nw.nglcy, P. F., and Morgan, H. R., Bull. 
Johns Bopl-his Hasp., 1948, 83, 275. 

ir. Hertz, E., and Tullner, }V. W., Endocrinolngy, 
1949, 44, 278. 
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Fig. 2. 

Appearance of normal and “4-amino” folie 
acid treated embryos. These were treated at 4 
days of age and sacrificed 8 to 9 days later. 

A. 12 day, control. 

B- 13 day, control. 

C. 2 mg 4-amino pteroylthreonine, sacrificed at 
12 days, 

B. 0.005 mg 4-amino 9-10 dimethyl FGA, sacri- 
ficed at 12 days. 

E. 0.010 mg 4-aniino NW methyl PGA, sacri- 
ficed at 1-3 days. 

F. 0.100 mg 4-aniino ptcroylaspartic acid, sacri- 
ficed at 13 days. 

toxicity data for the compounds tested are 
summarized in Table I 

Folic acid and its conjugates, pteroyl mono- 
(I), di-(II) and tri-(III) glutamic acids do 
not have an appreciable toxicity in the chick 
embryo at doses up to 20 mg/egg. 

The “4-amino” folic acids produce a uni- 
form toxic effect on the chick embryo, but 
alterations in the “4-amino” anti-folic mole- 
cule may affect the LD,-,o dosage. The 
LDso of 4-amino PGA (IV) is 0.003 mg/egg; 
this LD.-,o dose is not appreciably altered by 
placing a methyl group in the N“ position 
(V) and in the 9 position (VI), and in the 
9 and 10 position (VII). Substituting aspartic 
acid (VIII), threonine (IX) and alanine (X) 


for glutamic acid, however, increases the 
LD,-;o to approximately 0.075, 1.5 and 1.5 
mg/egg, respectively. 

The abnormalities produced in the embryo 
by the “4-amino” compounds have been re- 
markable and fairly uniform. The embrvos 
dying during the first 4 days after treatment 
are severelj’’ stunted, but they' are usually 
too autolyzed to permit a useful e.xaniination. 
Those embryos surviving for 8 to 10 days 
show the most remarkable changes. The ap- 
pearances of the allantoic vessels in an 11 
day normal and abnormal embryo are shown 
in Fig. I, A,C. On opening these eggs the 
reason for the vascular abnormality is ap- 
parent. (Fig. 1, B, D). The normal embryo 
weighed about 4 g and the chorioallantoic 
membrane extended widely'. The treated em- 
bryo was severely stunted, weighing about 
0.8 g. The amnion was distended with dear 
fluid. The allantois remained as a large fluid- 
filled sac, which was in connection with the 
shell over a relatively small area, and its blood 
vessel network was appropriately restricted, 

Several abnormal embryos and controls of 
the same age are shown in Fig. 2. These 
embry'os were all sacrificed. Ilfhereas at 12 
to 13 days of age the chick embryo normally 
weighs from 5 to 7 g, the treated embryos 
weighed from 0.8 to 1.2 g; the weight of a 
7 day embry'O. Besides the profound stunt- 
ing, the abnormalities usually' present were 
a flattened head, small eyes which frequently 
had a clear sac over the lens suggesting an 
enlarged anterior chamber, absent or under- 
developed lower beak, a long and usually' 
twisted neck, exteriorization of the viscera, 
a fluid-filled sac surrounding the heart, ab- 
normal or absent toes and various degrees of 
generalized edema. The abdominal organs 
appeared to be growing relatively more rapid- 
ly' than the rest of the embry'o. Occasionally, 
intermediate stages were seen, with larger 
embryos showing generalized edema, abnorm- 
al beaks, absence of feathers and limb ab- 
normalities. Usually', how'ever, those em- 
brvos surviving 8 to 10 days after treatment 
showed either the typical stunting shown in 
Fig. 2 or they were apparently normal. The 
oldest stunted embryo we have seen was 14 
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CO-2 Fixation in Blood Glucose 
TABLE I. 

Distribution of C't in tiie Degradation Fractions from Bat Liver Glycogen, and Blood Glucose and 

Lactate. 

Activity of tlie various fractions from blood glucose 
Total Activity + iactate, and liver glycogen, in cfs/min./ing C 

activity ofTtliday / — — > 

administered samiile of res- Blood glucose -f- lae- 
E.xp. Animals asCaC'-'O;; piratory COc iu tate carbon atoms Liver glycogen carbon atoms 

No. wt in g incts/min. cts/inin/n\g C 3 and 4 1,2,5 and G 3 and 4 2 and o 1 and 6 

1 328 5.G X 10« — 24 2 8 0 

2 303 5.1 X lO'! 100 31 — 5 0 

3 293 2.C X 101 380 35 0 44 0 1 

4 329 2.3 X lot G40 88 0 05 0 3 


in significance to that derived from the study 
of rat liver glycogen. The present paper re- 
ports some e.yperiments designed to test this 
point in the rat. 

Methods. Pellets of CaC''‘ 03 ® were implant- 
ed intraperiloneally in 4 unfasted white 
rats. .After seven days on stock diet the 
animals were anaesthetized with intraperiton- 
eal nembutal, and as much blood as possible 
withdrawn by syringe from the abdominal 
aorta. Bleeding was facilitated by adminis- 
tering warm Ringer’s solution into the inferior 
vena cava by syringe. The diluted blood, 
rendered non-clotting by heparin, was placed 
in a stoppered flask, and held in a water bath 
at 38°C for S hours, with moderate agitation. 
.At the end of this time, practically all the 
blood glucose was converted to lactate by 
the glycolytic enzymes of the blood. The 
blood was deproteinated wth metaphosphoric 
acid, the lactate removed by continuous ether 
extraction, and degraded as previously de- 
scribed,^ The acetaldehyde arising from the 
KMnOj oxidation of the lactate, representing 
carbons 1,2,5 and 6 of the glucose, was oxi- 
dized without further degradation. The liver 
glycogen was isolated and degraded by the 
“bacterial” degradation method described 
pre\nously.i In experiments 1 and 2 the ace- 
taldehyde arising from KMnO^ oxidation of 
the lactate from the glycogen was precipitated 
and counted as the 2-4 dinitrophenylhydra- 
zone. In experiments 3 and 4 the aldehyde 
was further degraded by the iodoform reac- 
tion. Daily collections of respiratory CO 2 
were made in carbonate free NaOH. 

c Armstrong, W. D., Seliubcrt, J., and Lind^- 
b.ium, A., Pkoc. Soc. Exp. Biol, axb Mep., 1948, 
G8, 233. 


.All samples, with the 2 e.xceptions noted 
above, were converted to BaCO.^i and the 
activity estimated using an end-window G-M 
tube. The over-all counting error by the 
method in use at the time these experiments 
were carried out was d: 4-5%. 

Results and Discussion. The experimental 
data is summarized in Table I. The results 
confirm prior findings, that isotopic carbon 
administered as CO 2 appears predominantly 
in carbons 3 and 4 of the glucose units of liver 
glycogen. The distribution of isotope in the 
degradation fractions from blood is qualita- 
tively similar to that found in the glycogen. 

The present data must be regarded with 
certain reservations. The material from 
blood includes the blood glucose, lactate, and 
perhaps other related intermediates in trace 
amounts. The activity, as determined, might, 
therefore have been contributed mainly by 
trace substances of very high activity. In 
view of the fairly low levels of activity noted 
in the respiratory CO 2 , this does not seem 
likely. The quantitative differences between 
the fractions from blood and liver glycogen 
cannot be evaluated with certainty at present. 

From the practical point of view, since the 
method, as applied, jdelded degradation frac- 
tions from blood that mirrored those from 
liver gl 3 TOgen, it should prove a useful tool. 
Additional e,xperiments are in progress using 
labeled compounds known to give an isotope 
distribution pattern in liver glycogen different 
from that found in CO 2 fi.xation. 

Summary. Experiments are reported in 
which it was found that CaC'^Oa implanted 
intraperitoneally in rats produced a qualita- 
tively similar isotope distribution pattern in 
the liver glycogen, and blood glucose and lac- 
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The inability of folic acid to protect the 
chick embryo from the toxic action of the 
“4-amino” PGA’s, even when given in ratios 
of 1000 to 4000 to 1, is further evidence of 
the difficulty in protecting against or revers- 
ing the activity of these compounds. Frank- 
lin et al.-' have obtained slight and limited 
protection against “4-amino” PGA with large 
doses of folic acid, and Hertz and Tullner,’" 
using a ratio of folic acid to 4-amino pteroyl- 
glutamic acid of approximately 300 to 1, pre- 
vented the “anti-folic” inhibition of the chick 
oviduct response to estrogenic stimulation. In 
frogs, however, a folic acid to “4-amino” PGA 
ratio of 100 to 1 did not prevent the “4-am- 
ino” PGA inhibition of the oviduct response 
to estrogens.^® It appears clear, therefore, 
that folic acid may prevent the toxic effects 
of the “_4-amino” folic acids but the protec- 
tive ratio necessary will undoubtedly differ 
quantitatively for the specific “anti-folic” 
compound and the biological system used. 

The apparently specific action of 2,6-diam- 
inopurine on blood formation merits further 


10 Goldsmitti, E. D., Sclircibcr, S. S., and 
Nigrelli, R. F., Proc. Soc. Exp. Biol, and Med., 
1948 , GO, 299 . 


Study, It is of interest that Bendich and 
Brown^' have shown that 2,6-diaminopurine 
may serve as a precursor of hucJeic add 
guanine, an observation which cannot, as yet, 
be related to the mechanism of blood forma- 
tion. 

Summary. The “4-amino” pteroylglutamic 
acids profoundly inhibit the growth of the 
chick embr 3 m, with the production of de- 
velopmental abnormalities. These compounds 
are active in the range of 0.003 to 0.005 
^S/^SSt 3nd their actions are not prevented 
by large doses of folic acid. The “4-amino” 
folic acids with aspartic acid, threonine and 
alanine substituted for the glutamic acid are 
considerably less toxic but produce similar 
toxicological effects. Other compounds allied 
to folic acid are relativel}' non-to.xic and do 
not possess the growth-inhibitory activity of 
the “4-amino” compounds, 

2,6-diaminopurine, at LD.-,o doses, does 
not seem to be an active growth inhibitor, but 
it produces a pale embryo, presumably defi- 
cient in hemoglobin. 

1" Bendich, A., .nnd Brown, G. B., J. Bint. Chcm., 
1948, 170, 1471. 

Received June 1, 1949, P.S.E.B.M., 1949, 71. 


17221. Distribution of C’"*, Administered as CaC'^O.-i, in Rat Liver Glycogen 
and Blood Glucose and Lactate.* 


George Feil and Victor Lorber. 

From the Department of Biochemistry, We.stern Beserve University, School of ifedteinc, 

Cleveland, Ohio. 


In prior studies^ ° it has been shown that 
the distribution of isotopic carbon in rat liver 

* Aided by a grant from tlic American Concer 
Society on the rceommcnd.ntion of the Committee 
on Growtii of tlie Natioiml Bese.oreh Council. ^ 

1 Wood, H. G., Lifson, N., and Lorher, V., J- 
Biol. Chcm., 1945, 150, 475, 

2 Lifson, N., Lorber, V., Sah.omi, W., and Wood, 
H. G., J. Biot. Chcm., 1948. 17<!, 12G3. 

3 Lorber, V., Lifson, N., Wood, H. G., and 
Sakami, W., Jrn. J. Physiol., 1948, 135, 452. 

■i Shreeve, W. W., Foil, G. H., Lorber, V., and 
Wood, H. G., J- Biol. Chcm., 1949, 177, 6<9. 


glvcogen following the feeding of a labeled 
compound may sen'e as an indicator of inter- 
mediary pathways. Under the proper e.xperi- 
mental'conditions, the distribution of isotope 
in blood glucose and lactate might reasonabl.v 
be expected to mirror that in the iiver filvco- 
gen. Should this e.xpectation be realized, it 
would be possible to obtain information from 
the degradation of the carbohydrates from the 
blood of larger animals and man comparable 

“7LoHmrriC~C'’''h, ■'""J Bordc.-iu.v, .7., Prd. 
Proc., 1949, 8, 99. 
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TABLE I. 

Activation of Antifungal Activity of Butyl Alcohol Extractives of Aetinomyeetc Culture 

Eiltrate by TJltrafiltration. 


Dilution titer* 


Actinomycete No. 48240 Vol., 


Test material 

ml 

C. albicans 

C. iicoformnns 

Original aqueous solution of butyl 
aleoliol extractivcst 

10 

.Approx. 

10 

640 

Ultrafiltrate 

7 

160 

>320 

-Aqueous wasliings 

10 

SO 

320 

" ext. of membrane 

5 

20 

80 

Alcobol ” ’’ 

10 

SO 

160 

Original alcohol solution of butyl 
alcobol extractives! 

4.5 

Approx. 

40 

640 

Ultrafiltrate 

3.5 

640 

040 

.Alcohol washings 

5.5 

160 

100 

" extract of membrane 

4.5 

160 

SO 

* Highest 2-foid serial dilution to give a 

zone of inhibition 

of at least 10 mm in diffusion or 


cup test. Figures represent reciprocals of the diliitions. 
t Aliquot of butyl alcohol extract of 1/5/49. 


TABLE ir. 

Activation of Antifungal .Activity of Ethyl Acetate Extractives of .Aetinomyeetc AVhole 
Culture by Gradoeol Membranes. 


ActinomyceteNo. 48240 

Test material 

A^ol., 

mi 

Dilution titer* 

C. albicans 

C. ncoforma/i.*t 

Original alcohol solution 

12 

<5 

I,2Si) 

Ultrafiltrate 

12 

160 

20,480 

Alcohol washings 

12 

20 

1,2S0 

” extract of membrane 

0 

160 

320 

Original sol, shaken with 
membrane scraps 

25 

10 

10,240 

.Alcohol extr. of membrane scraps 

25 

<5 

1,280 


* Highest 2-foM serial dilution to give a zone of inhibition of at least 10 mm in diffusion or 
cup test. Figures represent reciprocals of the dilutions. 


ultrafiltiation. For the initial concentration 
of active material, whole culture, culture fil- 
trate, or pellicle was extracted with organic 
solvents; or culture filtrate was treated with 
charcoal and the charcoal eluted with organic 
solvents. In each case the organic solvents 
were removed by distillation in vacuo and 
the residue was dissolved in either water or 
95% ethyl alcohol for ultrafiltration. 

The effect of ultrafiltration on both a water 
solution and an ethyl alcohol solution of the 
butyl alcohol extractives from a culture filtrate 
of No. 48240 is shown in Table I. Not only 
was the activit)' of the ultrafiltrate much 
greater than that of the solution placed on the 
filter, but the alcohol e.xtract of the membrane 
showed marked activity, especially against 
C. albicans. 

In another experiment an alcohol solution 
of the ethyl acetate extractives of whole cul- 
ture was divided into two portions: one was 


passed through a gradoeol membrane and the 
other shaken with small scraps of membrane. 
The results are presented in Table II. Both 
solutions were activated; but the activity in 
the one filtered through the membrane ivas 
greater, particularly against C. albicans. In 
the original solution no activity against C. 
albicans was demonstrated in a 1:5 dilution; 
after ultrafiltration the solution inhibited 
growth in a dilution of 1 : 160. When filtrates 
of the broth cultures of the actinomycetes 
were treated with charcoal (Darco G 60) to 
remove the active agent and the charcoal was 
eluted with water or organic solvents, no ac- 
tivity against C. albicans could be demon- 
strated by diffusion tests. Ultrafiltration, 
however, resulted in activation of these 
eluates against C. albicans to a dilution of 
1.640. The protocol of such an experiment 
IS given in Table III. 

Enhancement of activity was not peculiar 
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tate. This result suggests that in isotope 
feeding experiments, analysis of the blood 
glucose and lactate may yield information 
comparable to that obtained by the degrada- 
tion of liver glycogen. Additional experi- 


ments to put this question to a more critical 
test are in progress. 

It is a pleasure to tliauk Itliss Margaret Cook 
for valuable teclinical assistance. 

Beccived Jta.y 24, 1949. P.S.E.B.M., 1949, 71. 


17222. Activation of Antifungal Kxtracts of Actinomycetes by Ultrafiltration 
Through Gradocol Membranes. 


Rachel Brown and Elizabeth L. Hazen. 

From ihe Division of LaVoratorics and Research, Kcm YnrJ: Stale Departmeni of llcaltli, 
Albany, and Branch Laboratory, 339 East 25th Street, Few Tori- City. 


In the course of the purification of ex- 
tracts from broth cultures of two soil actino- 
mycetes showing antifungal activity, it was 
observed that solutions which were passed 
through gradocol membranes often possessed 
greater activity than the original solutions. 
Striking results were obtained repeatedly and 
under varying conditions. ‘Since there may be 
a wide application in studies of antibiotics, it 
seems well to report the original observations. 
The extent and nature of the phenomenon are 
under investigation. 

Materials and methods. Microorganisms. 
Two distinct actinomycetes. Nos. 47205' and 
48240, isolated from soil and found to be an- 
tagonistic to fungi pathogenic for man, were 
grown in liquid media dispensed in 250-ml 
amounts in 1000-ml Erlenmeyer flasks. Strain 
No. 47205 was grown in gh'cerol-yeast e.x- 
tract broth containing 0.15% agar for from 9 
to 12 days at approximately 28°C, and No. 
48240 in glucose-tryptone bfoth for from 12 
to 17 days at the same temperature. The 
composition of the media varied from the 
original formulas' only in that distilled water 
replaced the tap water. Four pathogenic 
fungi, Candida albicans No. 4567, Cryptococ- 
cus neolormans No. 45215, Trichophyton 
mentagrophytes (gypseum) No. 45141, and 
Trichophyton ruhrum ( purpureum) No. 4507 
were employed as test microorganisms. 

Antifungal tests. The extracts were as- 
sayed by the agar-diffusion or cup test and 

1 Seliat?., A., and Hazen, E. L., Mycologia, 1948, 
50, 4G1. 


by agar-streak or agar-dilution tests.- Glu- 
cose-tryptone agar' was used throughout. The 
time of incubation varied according to the 
rate of growth of the particular test micro- 
organism and the type of test. Thus in the 
diffusion tests in which C. albicans was em- 
ployed, incubation for 8 to 10 hours was 
adequate, while with C. ncojormans, 22 to 
24 hours were necessary. The agar-streak 
tests with all 4 test microorganisms were in- 
cubated 72 hours. All tests were incubated at 
approximately 28'’C. 

Ultrafiltration. Gradocol membranes were 
prepared from nitrocellulose in the form of 
Parlodion according to the method described 
by Bauer and Hughes." The average pore 
diameter of the several membranes varied 
from 52 to 64 ni/i.* The solutions were 
passed through the membranes under positive 
pressure. .After filtration, the membranes were 
w'ashed by passing through some of the pure 
solvent. They were then removed from the. 
filter and extracted with a small volume of 
95% ethyl alcohol. 'Whenever the pH 
of a solution was determined before ultrafil- 
tration, it was in the acid range. 

Experimental. Different t 3 'pes of solutions 
showing antifungal activity were subjected to 

•- Ki'illv, U. C., Seliatz, A., and Waksnian, S. A., 

J. Bart., 1945, 45), 585. 

.".B.aupr. .1. II., and HukIk's, T. I’., .7. Cen. 
Physiol,. 19.14, 18, 14.1. 

• In miP ('.'Cju'rinicnt witli a coarsp inenibranp, 

378 my, ultrafiltration did nid rp.sult in aptivation 
of the .solution. 
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TABLE V. 

Activation of Antifungal Activity by Ultrafiltration Denionstra.tcd by Agar-stroak (Agar- 
dilution) Tests. ^ ' 

Growth of test fungi 


--- ■■■■ -■ - - — ■■ --.ru^ 

C. a!bicnnji C. neofornmns T. ffiipscum T. piirpurmm 


Dimtion 

of 

material 

/ 

Original* 

, 

Ultra - 
filtered 

Origiiml* 

Ultra- 

filtered 

t 

Orighial* 

Ultra- 

filtered 

Original" 

Ultra-' 

filtered 

1:40 

1:80 

4-f 

4-f 


— 


-f- 



. 

1:160 

4-b 



— 



24- 

— 

24- 

— 

1:320 

4-f- 





— 

34- 

— 

34- 

— 

1:640 

44- 



— 

— 

34- 

— 

34- 

— 

1:1,280 

44- 

2-f 


— 

34- 

— 

3-f- 


1:2,560 

Controls 

44- 

3-f 


2+ 

44- 


44- 



* The ethyl alcohol solution of ethyl acetate extractives from No. 4S240 culture filtrate. 
— = No visible growth, 

± = Least detectable growth. 

+ = Scanty, but definite growth. 

2+ =: Moderate growth, 

3+ = Good growth. 

44- = Maximum growth. 


hand, Melin and Wiken® reported that aque- 
ous e.%'tracts of pure forest litter that were 
somewhat active against staphylococci became 
more active when autoclaved or passed 
through a Seitz filter pad. 

Whatever the e.xplanation of the present 
results, it is evident that the ultrafiltration 

s Melin. E., and Wikfn, T., Xature, 1940, 158, 

200 . 


technic may be applied profitably in the study 
of antibiotics. 

Summary. The antifungal activity of 
some partially purified e.xtracts of two actino- 
mycetes was sharply increased by filtration 
through gradocol membranes. 

Wo wish to thank Jlr. .Tames Quigley for carry- 
ing out all the procedures in ultraflltration. 

Received June 7, 1949. P.S.E.B.M., 1949, 71. 


17223. Relation of a Specific Strain of Salmonella to Ulcerative Cecitis 
of Rats. 

Arthur L. Bloomfield, Lowell A. Rantz, Willtasi Lew, and Anne Zucker.man. 

From the Department of Medicine, ‘Stanford University Medical School, San Franci.’sco, Calif. 


Although Salmonella cutcritidh is found 
very constantlj'- in the lesions of ulcerative 
cecitis of rats' some doubt remains as to 
whether this organism is the sole cause of 
the disease. The possibility that some other 
agent, perhaps a virus, may be concerned is 
suggested b\' certain findings; the arguments 
pro and con can be summarized briefly as 
follows: 

' BnehbiiHl^r, L., llall, l 7 TVilcns, S.HTund 
Sianetr,, C. A., A m. J. Dyy., 1935, 22, 119. 


(I) Arguments in favor of Salmonella be- 
ing the specific etiological agent in cecitis of 
rats. a. Salmonella cntcritidis has been found 
by all workers to be invariably associated 
with the lesions.' b. Salmonella may be ob- 
tained from the enlarged mesenteric lymph 
nodes associated with cecitis.- c. Cecitis may 
be prevented by rations containing either 
sulfaguanidine or sulfasuxidine.-'' d. The le- 

SBtoomfietd, A. L., and LcwTwTPboc 
Exp. Biol, and Med., 1942, 51, 179. 
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, . . table III. . 

Activation of Antifungal Activity of Cliareoal Elnatcs of Actinomvcetc Culture Filtrate Lv 
Ultrafiltration. 


Actinomycete Xo. 48240 - 

Vol.. 

Dilution titer' 

Test iiiateri.ll 

ml 

C. athicans 

C. ncoforman.^: 

Original alcohol solution of 

10 

0 

SO 

charcoal elnates 




Ultrafiltrate 

s 

040 

640 

Alcohol washings 

10 

40 

40 

” e.xtr. of membrane 

5 

320 

320 

* Highest 2-fold serial dilution to 

give a zone of inhibition of at least 10 mm in diffusion or 

cup test. Figures represent reciproeuls of the dilutions. 




TABLE IV. 



Activation of Antifungal Activitv 

of Extractives from 

Actinomveete Culture Pellicle bv 


Ultrafiltration. 





Dilution titer* 

Actinomycete Ko. 47205 

Vol., 



Test material 

ml 

C. alhicaiis 

C. ncoforman.<: 

Original alcohol solution 

10 

<0 

>320 


Approx. 



Ultrafiltrate 

7.5 

320 

640 

Alcohol washings 

10 

40 

100 

” extr. of membrane 

5 

160 

160 

* Highest 2-fold serial dilution to give a zone of inhibition of ai least 10 mm 

in diffusion or 

cup test. Figures represent reciprocals of the dilutions. 




to a single actinomycete nor to one culture 
medium. Similar results obtained with No. 
47205 are shown in' Table IV. In this case 
extractives obtained fram the pellicle with 
ethyl acetate were chromatographed on alum- 
ina and an alcoholic eluate subjected to ultra-, 
filtration. The original solution was without 
activity against C. albicans but the ultrafil- 
trate inhibited growth in a dilution of 1:320. 
By the agar-streak test enhancement of anti- 
fungal activity of the ethyl acetate extrac- 
tives of No. 48240 culture filtrate was also 
demonstrated against C. albicans, C. neo- 
jonnans, T. gypseum, and T. purpurcinn. 
(Table V). 

IVater or alcohol ultrafiltrates of gradocol 
membranes are inactive indicating that the 
phenomenon is not due to a principle in the 
filter itself. 

Discussion. It is not uncommon for the 
activity of antibiotic substances to be re- 
duced or lost unaccountably during the course 
of purification. A few such obsen^ations that 
seem to be more or less related to our own 

< Woodruff, H. B., and Foster, J. W., J. Sari., 
1946, 51, 371. 


are noted briefly. Woodruff and Foster'* 
traced the loss of antibacterial activity in 
bacillin to the presence of an inhibitor of pep- 
tide nature that occurs naturally in many 
complex organic substances. Cavallito and 
others" found that sulfhydryl compounds had 
an inactivating effect upon some antibiotics. In 
an examination of the separation of penicil- 
lins b}'^ the method of counter-current distri- 
bution, Craig and his colleagues® observed 
that the use of ethyl acetate led to a certain 
degree of inactivation. They suggested that 
this might be due to a particular lot of ethyl 
acetate. Another observation that may be 
related was made by Junowicz-Kocholaty and 
others:" namely, that in the purification of 
sulfactin, activity apparently disappeared in 
butjd alcohol extracts, but reappeared sub- 
sequently in chloroform extracts. On the other 

.’i Cavallito, C. J., BaUcy, .T. II., Haskell, T. 11., 
MoCormiek, J. I?., :iiid W.arncr, IV. F., .7. Bart., 
W4,S, 50, 61. 

<i Craig, L. C., Ilogebooin, G. II.. C-arjicntor, 
F. II., and duVigneaud, V.. >1. Biol. Clicm.. 1047, 
108, 60S. 

TJuiiou'iez-KoelioIaty, K., Kocliokaty, IV., and 
Kriner, A., /. Sia!. Chem., 1047, 108, 766. 
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TABLE V. 


Activation of Antifungal Aetiritr br Ultrafiltration Demonstrated b}' Agar-streak (Agar- 
dilution) Tests. 


Dilution 

of 

material 




Growth of test fungi 




C. nlbfcaii.'? 

C. ncoformnns 

T. yypsenm 

T. 2)Hr;)i(rcum 

Original** 

tntra- 

flltered 

Original** 

Eltra- 

fiUered 

Original' 

TJltra- 

tiitered 

Original* 

Dltra-' 

filtered 

1:40 

i+ 


— 


— 





1:80 


— 

— 

— 


— 

- 4 - 


1:160 

4+ 


— 

— 

2+ 

— 

24- 

— 

1:320 

4+ 


— 


3+ 

— 

34- 

— 

1:640 

4+ 

— 

— 


3+ 

— 

34- 

— 

1:1,280 

4-1- 

2+ 



3+ 

— 

34- 


1:2,500 


3-h 


2-f 


— 


•4*' 

Controls 

4-f 


•i-f- 


4-h 


44- 



* The ethyl alcohol solution of ethyl acetate extractives from No. 4S2-iO culture filtrate. 
— = No visible growth. 

± ~ Least detectable growth. 

4- = Scanty, but definite growtli. 

2+ = Afoderate growtli. 

3- f- = Good growth. 

4- }- = Maximum growth. 


hand, Melin and Wiken® reported that aque- 
ous extracts of pure forest litter that were 
somewhat active against staphylococci became 
more active when autoclaved or passed 
through a Seitz filter pad. 

Whatever the explanation of the present 
results, it is evident that the ultrafiltration 


*JIelin, E., and Wiken. T., Mature, 19-16, 138, 

200 . 


technic may be applied profitably in the study 
of antibiotics. 

Siimtnary. The antifungal activity of- 
some partially purified extracts of two actino- 
mycetes was sharply increased by filtration 
through gradocol membranes. 

We wish to thank Air. James Quigley for carry- 
ing out all the procedures in ultrafiltration. 

Beceived June 7, 1949. P.S.E.B,AI., 1049, 71. 


1/223. Relation of a Specific Strain of Salmonella to Ulcerative Cecitis 
of Rats. 

-Arthur L. Bloomfield, Lowell A. Rantz, William Lew, .and Anne Zuckerman. 

From the Department of Ifedicinc, Sfnii/ord University iledicai ScJioof, .Son Francisco, Calif. 


.Although Salmonella cntcritidh is found 
very constantly in the lesions of ulcerative 
cecitis of rats* some doubt remains as to 
whether this organism is the sole cause of 
the disease. The possibility that some other 
3gent, perhaps a virus, may be concerned is 
suggested by certain findings; the arguments 
pro and con can be summarized briefly as 
follows: 

I Biichbinder, L., L., Wilens, S. L., and 

Shnetz, C. A., dm. ,7. Byy.. 1933, 22, 119. 


(1) Arguments in javor of Salmonella be- 
ing the specific etiological agent in cecitis of 
rats. a. Salmonella cnieriddis has been found 
by all workers to be invariably associated 
with the lesions." b. Salmonella may be ob- 
tained from the enlarged mesenteric lymph 
nodes associated with cecitis.** c. Cecitis may 
be prevented by rations containing either 
sulfaguanidine or sulfasuxidine.® d. The le- 

2 Bloomfield, A. L., and Lew, W., Pkoc. Soc. 
Exp. Btot,. and AIed., 1942, 31, 179. 
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sions can be cured by ingestion of strepto- 
mycin which inhibits (/« vitro) in high dilu- 
tion the strains of salmonella recovered from 
the cecum.’* e. Attempts to isolate a virus 
have so far been fruitless.® • 

(2) Arguments which suggest that some 
other agent may play a part. ; a. The anatomy 
of the lesions — early involvement of lymph 
nodes and later localized granulomatous le- 
sions are not known to be caused by members 
of the salmonella group, b. The large cysts 
containing clear fluid so often found as part 
of the cecitis picture do not yield salmonella 
or other organisms by ordinary culture 
technic.- c. Salmonella isolated from the 
lesions and fed in large dosage to healthy rats 
produce a violent diffuse enteritis, rather than 
the usual picture of cecitis.- d. Some of the 
animals which recovered from such an acute 
enteritis were later found to have typical le- 
sions of chronic cecitis but with no greater 
frequency than uninoculated controls.- e. 
Cecitis in the offspring can be prevented by 
treatment of the mothers with sulfonamides 
during pregnancy and lactation. It is not 
clear why such a procedure should protect 
against salmonella infection.® f. Rats fed a 
diet deficient in Vitamin B develop cecitis 
less often than controls given a normal diet.' 
This result suggests the possibility of a virus 
infection and is just the opposite of what one 
would expect with salmonella. 

Experiments. The following studies were 
therefore made in the attempt to define more 
precisely the role of salmonella in chronic 
ulcerative cecitis of rats. The first group of 
experiments was designed to determine rela- 
tion of the development of lesions to the 
presence of salmonella and to the titer of 
specific antibodies. 

Seven groups of 6 young rats were used. 
Each group was housed in a separate cage 

SBloomfieia, A. L., and Low, W., iVid., 1941, 
48, 363; 1942, 51, 28. 

Bloomfield, A. Jj., .and Lew, W., ihid.f 1948, 

cn, 11 . 

c Scliiilfz, E. W., persoiml communication. 

c Bloomfield, A. L., and Lew, W., Avu J. Med. 
Sci., 1943, 205, 383. 

7 Bloomfield, A. L., .and Lew, W., d- NutnUon, 
1943, 25, 42". 


and was fed the stock diet of the laboraloi}’ 
as desired. At the age of 2 months and there- 
after at intervals of 2 weeks one group was 
sacrified. Under ether anaesthesia and with 
aseptic technic the abdomen was opened 
and the cecal region was carefully examined 
for suspicious lesions. The cecum was then 
excised, opened, and searched for- ulceration. * 
Material for culture was taken from the ce- 
cum, the swab being thoroughlj'^ rubbed over 
the mucosa. Except in the case of the first 
2 groups the animals were then e.xsangiiin- 
ated by cutting the abdominal vessels from 
which blood was collected for serological 
tests. 

Stool cultures were made on MacConkey 
(Difeo) and salmonella-shigella (Difeo) agar 
plates, from which colonies were sub-cultured 
in Russell double sugar tubes and in liquid 
carbohydrate media. Various strains were 
finally tested with salmonella diagnostic sera 
(Lederle). Sera to be tested for agglutinins 
were stored in the refrigerator. Serial dilu- 
tions were set up against a live suspension of 
24 hour growth of the salmonella isolated 
from cecal lesions. The tubes were held for 
2 hours in the water bath at 37°C placed 
over-night in the refrigerator and then read 
at room temperature. 

Results. The results are summarized in 
Table I. Aside from the normal bowel flora 
the only organisms isolated were members of 
the salmonella group. These were obtained 
from 9 animals among a total of forty-two. 

In each case the characteristics were identi- 
cal and conformed to Salmonella entcritidis, 
Group D of the Kauffmann-White Schema. 
Furthermore 6 strains which were identified 
in the salmonella typing laboratorj' of the 
State Department of Public Health all had 
the same antigenic formula: - (I), IX, XII 

A stud}' of Table I shows several points 
of interest. There w*as no visible cecitis in 
the 2 to 3 months old groups. From 
months on, with the e.xception of the 4 months 
group, cecitis was evident in approximately 
one-half the animals. Organisms of the sal- 
monella group n-ere recovered in only one 
instance in which gross lesions were not ew- 
dent, (Rat I of Group IV), and then only 
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TABLE I. 

Eclation of Lesions of Cecitis to Presence of SalmoncUa, and Titer of Agglutinins in Eats of 

Various Ages. ^ 


Eat. No. 

Lesions Culture Salmonella 

Agg. titer 

0 rats 

Group I — ' 2 . ino. 

None 

All negative 

Not done 

5 rats 

Group 11 — 2% mo. 

None 

All negative 

Not done 

, C rats 

Group III — 3 mo. 

Xone 

All negative 

4, 0, 0, 0, 4, 8 

Eat No. 1 

Group IV — 3% mo. 

No cecitis 

10 

32 

O 

Vails of cecum seem a little 

50 

8 

3 

thick, no ulcer 

No ulcer seen hut wall a little 

10 

32 

■1 

tliick and there is a mesen- 
teric cyst 0.5 cm 

No cecitis 

0 

0 

5 

Frank cecitis with ulcer 

Innumerahle 

32 

6 

1 cm in diam. 

Xo cecitis 

0 

0 

0 rats 

Group V — 4 mo. 

None 

.All neg.-itive 

8, 4, 4, 4, 4, 0 

Eat No. 1 

Group VI-— 4M: mo. 

No cecitis 

Negative 

8 

O 

* J 11 

1 1 

8 

3 

Marked thickening of cecum 

Manv 

16 

4 

with ulcer 0.5 cm, large 
cysts and adhesions 

No cecitis 

Negative 

32 

5 

11 11 

1 1 

64 • 

6 

Typical ulcer 0.3 cm 

Many 

8 

Bat No. 1 

Group VII — 5 mo. 
Xo ulcer, thickening of 

A few 

32 

2 

cecal ^vall and cyst 

0.5 cm 

Extreme lesions, huge ulcer 

Innumerable 

32 

3 

Xo cecitis seen 

Negative 

8 

4 

M 11 11 

11 

16 

5 

Marked lesion, ulcer 1 cm 

Innumerable 

16 

0 

Xo cecitis seen 

Negative 

0 


a few colonies were obtained. The number 
of salmonella usually paralleled the extent of 
the lesions; when the lesion was slight a few 
up to 50 organisms per plate were obtained, 
when the lesion was advanced there were al- 
ways “many” to “innumerable” colonies. The 
point of greatest importance howewr, is that 
as rats grow and develop cecitis salmonella 
are already present in the earliest lesions; 
they do not appear onl}’ after cecitis is ad- 
vanced. 

The agglutinins are of special interest. 
Among the 8 animals with visible cecitis 2 
had a titer of 8, two had a titer of 16, and 4 


had a titer of 32. .Among 21 animals without 
visible lesions and with negative cultures for 
salmonella, however, 14 showed titers vary- 
ing from 4 to 64. Furthermore, one-half the 
animals in the 3 month old group showed ag- 
glutinins at a time when no cecitis was yet 
to be seen and no cultures were positive. 

It is clear then that there is an early and 
frequent, although slight, immunological re- 
action to salmonella enteritidis in these rats at 
a time before lesions of cecitis are visible, and 
before it is possible to isolate salmonella by 
our technic. The question was pursued fur- 
ther by examining the sera from even younger 
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TABLE IT. 

Agglutinin Titer Against Salmonella cntcritidin of Young HeaHliy Rats. 

Age 2 monUvs -'„Agc l month- - Age 12 days 

Kat No. Titer Eat No. Titer Bat No. Titer 


2A-F 8, 4, 16, 4, 8, 16 lA-F 8, 8, 32, 8, 8, 4 1-6 0, 4, 0, 4, 8, 8 

Mother 8 


Tats. All the animals -were healthy and none 
showed cecitis. Six were 2 months old, 6 
were one month old, and 6 were 12 days old. 
The eyes were not yet open in the last group 
and they had not yet been weaned. Serum 
from the mother of this last group was also 
tested. The results are shown in Table II. 
It is seen that even the younger rats may 
already show specific agglutinins against sal- 
monella at a time long before cecitis can be 
demonstrated or salmonella isolated. The 
presence of such agglutinins are therefore of 
little diagnostic significance and it will be 
of interest to look for similar antibodies in a 
rat colony entirely free from cecitis. 

. Further evidence for the causal role of 
salmonella was then sought in the following 
e.xperiments. Sixty rats about 2 months old 
were divided into 3 groups of 10 test animals 
and three groups of litter-mate controls. On 
5 consecutive days one solid loop of growth 
from a 24 hour agar slant of salmonella en- 
teritidis isolated from rats with cecitis was 
shaken up in the water bottles of the test 
animals. Culture of the water thereupon 
showed heavy growth. None of the animals 
however, developed any clinical indisposition 
with these doses and they all gained weight 
normally. After one, 2, and 3 months when 
the rats were 3, 4, and 5 months old one set 
of test animals with its controls were sacri- 
ficed under ether anaesthesia and the degree 
of cecitis, if any, was noted. The results are 
shown in Table Ilf. It is seen that one month 
after ingestion of salmonella there was very 
little cecitis in either test animals or controls. 
After 2 months definite cecitis was present 
in some animals, a little more in the test 
group than in the controls; but after 3 months 
cecitis was rampant in the culture-fed amnia s 
with not a single definite lesion in the controls. 

Discussion. The above e.xperiments were 
designed to define more exactly than has here- 


tofore been done the significance of Salmon- 
ella enteritidis in cecitis of rats. The invari- 
able relationship of salmonella to the lesions 
was confirmed; no culture from a visible 
lesion, even very early, failed to yield the 
specific organism. On the other hand sal- 
monella were never recovered from the cecum 
unless a lesion was present except in one in- 
stance (animal No. 1 of the months 
group) and then only a few colonies were 
isolated. Specific agglutinins were uniformly 
present in the sera from animals with cecitis, 
but since such agglutinins were 'frequently 
present without either cecitis or a positive 
culture for salmonella, the significance of 
•these antibodies is uncertain. On the whole 
higher titers were obtained from animals with 
frank lesions than from healthy rats. 

These observations demonstrate conclusive- 
ly that no cecitis occurs in this colony with- 
out the presence of the specific salmonella. 
However, this finding does not entirely e.x- 
clude the association of some other unidenti- 
fied agent in producing the infection. The 
inoculation experiments are of interest in this 
connection. Rats fed salmonella did in the 
end show much more cecitis than untreated 
controls but the lesions developed only after 
what appeared to be a long latent period of 
from one to 3 months. Where are the spe- 
cific bacteria during this long intenml? There 
is some suggestion that the earliest lesion of 
the cecitis syndrome is an adenitis of the re- 
gional nodes, (Table III) and that the actual 
cecal lesion only develops after a considerable 
interval. If this is true the long latent period 
may be explained, but such a course of e\-ents 
is unknown with salmonella infections. We 
plan to e.xplore this possibility in further 
studies. Meanwhile it seems clearly esfah- 
Hshed that ingestion of the specific salmon- 
ella promoted the development of cecitis whi^ 
in turn never occurred in the absence of the 
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TABLE III. 


Incidence of Cecitis in Eats Fed Salmonella Enteritidis, and in Untreated Controls. 

Degree of cecitis in 
rats aged 3 mo. 

Test animals Ckmtrols 

Degree of cecitis in 
rats aged 4 mo. 

Test animals Controls 

Degree of cecitis in 
rats aged 5 mo. 

Test animals Controks 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

(t 

0 

0 

0 

0 

0 

0 

0. 

0 

0 

0 

0 

3 

0 

3 

0 

0 

0 

-f-“r 

0 

0 

a 

9 

0 

+ + 

0 

? 

0 


0 


0 

0 

0 

++ 

0 

■f'4" + 

0 

-i- 

0 

++ 



0 


? 

++ 

4-1-+-1- 

-f-p-f-i- 

3 


0 = No ulcer, no glands, no crsts. 

1 = No ulcer, sUglit or doubtful enlargement of glands, no cysts. 

+ == Ulcer to 0.5 cm, enlarged glands and/or cysts. 

+ + = Ulcer 0.5 to 1.0 cm, enlarged glands and/or cysts. 

+ + + = Ulcer 1.0 to 2.0 cm, enlarged glands, cysts, adhesions, and matting. 
4 — i — i — h =: Huge ulcers, enlarged glands, cysts, adhesions, and matting. 


organisms. Of special interest is the fact 
that in spite of the extensive infestation of 
the colony healthy carriers are of greatest 
rarity. 

Siivimary. 1. A specific strain of salmon- 
ella has been invariably obtained on culture 
from the ulcers of rat cecitis. 2. Salmonella 
were not obtained from the cecum in the ab- 
sence of lesions with one exception. 3. Ag- 
glutinins for the specific strain of salmonella 


are found in most of the rats in this colony 
although the titer is on the average higher in 
animals with visible cecitis. 4. Feeding the 
specific salmonella in appropriate doses was 
followed after a long latent period by de- 
velopment of cecitis in many of the test 
animals. S. The association of some other 
synergistic agent is not fully excluded but 
seems at present unlikely. 

Received May 2G, 1949. P.S.E.b!m., 1949, 71. 


17224. Aminopterin and 'Response of Frog Oviducts to Estradiol. II. His- 
tological Studies and Mitotic Counts.* 


E. D. Goldsmith, Sidney S. Schreiber, and Ross F. Nigrelli. 

From the Department of Bistotogy, New York University College of Dentistry, and Kew York 
Aqiiarinm, Few York Zoological Society. 


In a previous paper, ^ the gross changes in 
the immature female frog oviduct following 
parenteral administration of estradiol ben- 
zoatet alone and in conjunction with folic 
acid! and with a folic acid antagonist, amin- 

* This investig.ation wns supported by a research 
graut from the National Cancer Institute of the 
National Institutes of Health, U. S. Public Health 
Service. 

t Goldsmith, E. D., Schreiber, S. S., and Nigrelli, 
R. F., Pnoc. Soc. Exp. Biot,, akd Med.. 1948, 69, 
299. 


opterin,* were described. Aminopterin (4- 
amino pteroylglutamic acid) inhibited the 
growth and differentiation response of ovi- 
ducts of newly metamorphosed female frogs, 
Ram clamitans, to estradiol. The aminopter- 

t The estradiol benzoate was generously sup- 
plied by Dr. P. F. Yonkman and Dr. F. h. Mohr 
of Ciba Pharmaceutical Products. 

t The 4-amino pteroylglutamic acid was gener- 
ously supplied by the late Dr. Y. SubbaRow, and 
the folic .acid by Dr. T. H. Jukes and the late 
Dr. A. L. Franklin of Lederlo Laboratories. 
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Aminopterin and 

in effect could not be overcome by folic acid in 
concentrations as high as 100 parts of folic 
acid to 1 part of aminopterin. In the light 
of more recent work, it is probable that pre- 
and concurrent treatment with higher dosages 
of folic acid would have reversed the antagon- 
ist action. 

Anmals were fixed in Bouin’s solution and 
serial sections of oviducts extending along the 
craniad half or two-thirds of the kidney were 
cut at 7 /I and were stained with hematoxylin 
and eosin, iron hematoxylin, or with Mas- 
son’s stain. Mitotic counts were made of the 
oviduct epithelium; sections from each slide 
were examined so that comparable areas in 
all the animals were studied in order to ob- 
tain estimates of mitotic activity throughout 
the length of the oviduct. 

Results. In the untreated controls, the 
small and uncoiled oviducts consisted of a 
single layer of cuboidal epithelium with regular 
oval or round nuclei which encircled a small 
lumen. Mitotic counts of the oviduct epi- 
thelium revealed less than one mitotic figure 
per thousand cells. After the administration 
of estradiol for 2 to 3 weeks (0.1 mg per 
week), there was marked increase in the 
diameter, length and coiling of the oviduct. 
The bulk of the oviducts consisted of glands 
which radiated from the oviduct lumina to 
the periphery. The gland cells contained basal 
nuclei and at times granular cytoplasm. The 
lumina were lined with well differentiated cili- 
ated columnar epithelium with regular oval, 
vesicular nuclei. Mitotic figures were rare, 
and in over 12,000 cells the incidence of 
mitotic figures was less than one per 1500 
cells. Addition of folic acid to estradiol ac- 
centuated the growth and differentiation re- 
sponse of the oviducts, but the mitotic counts 
were not significantly different from those 
animals receiving only estradiol. 

Either pretreatment with aminopterin or 
simultaneous treatment of the frogs with 
aminopterin and estradiol appeared to inhibit 
the estrogen response. The oviducts remained 
uncoiled, increased in diameter only slightly 
and showed areas of cystic dilatation. There 
was no evidence of gland formation, and ,a 
single layer of low columnar epithelium lined 
the lumina which were only slightly larger 


than those in untreated controls. In the areas 
of cystic dilatation, the epithelium around the 
lumina was flat and almost squamous in ap- 
pearance. There was a significant increase in 
mitotic figures in these oviducts, with 12 to 
36 figures per thousand cells. Although meta- 
phases predominated, there were considerable 
numbers of the other mitotic phases. 

Except for some slightly increased infolding 
of the oviduct epithelium into the lumina, sup- 
plementation of the aminopterin and estradiol 
with folic acid did not significantly change the 
histological picture characteristic of those re- 
ceiving only the antagonist and estradiol. Mi- 
totic counts in all but one animal revealed 17 
to 46 mitotic figures per thousand cells. In 
2 animals, one recendng aminopterin and es- 
tradiol, and the second receiving folic acid as 
well, where there was no significant increase 
in mitoses over the controls, the nuclei of the 
oviduct epithelium were markedly abnormal, 
Avith great variations in size and shape. The 
rest of the histological picture rvas no different 
from other animals treated similarly. 

Discussion. The results indicate that al- 
though the growth and differentiation of the 
oviducts were inhibited by aminopterin the 
number of mitotic figures was significantly in- 
creased. It must be emphasized that the ad- 
ministration of estradiol alone is followed by 
an increase in the number of cells and mitoses. 
HoAvever, at the time of sacrifice, 2 to 3 weeks 
after initiation of treatment, the most rapid 
growth had passed its peak. At the end of 
this period, the oviducts under the influence of 
the antagonist and the estrogen had grown 
but slightly, but a large number of mitotic 
figures were present. 

This apparently paradoxical situation of a 
picture of numerous mitotic figures and verj’ 
little growth may be resolved by the follow- 
ing considerations. 

From the obserc’ations of Brachet- and 
Painter,'" Koller ‘ has adduced that the amount 
of available nucleic acid is one of the principal 
factors Avhich determine the rate of cell di- 

^jlr.nclicf, .T., Jrch. TUnl., iviri.s 1940, .TJ, ].~>1, 

X Painter, T. S., Troc. Xal. Arnd. .9ri.. 1940, 

2G, 95- 

JlColior, r. C.. Xvdde Add. C.inibrulm' Unir. 
Press, 3947, p. -S9, 
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A’ision. It Avas suggested-'’ 'that folic acid may 
function as a coenzyme in a system responsible 
for the synthesis of thymine or a thjTOine-like 
compound which is then utilized in the sjm- 
thesis of nucleic acid. Further evidence of 
this relationship is to be seen in Lactobacillus 
case} -n-hich when groum in a folic acid de- 
ficient medium showed a marked decrease in 
deso.xATibonudeic acid,® a universal constitu- 
ent of cell nuclei." 

It is tempting to speculate that in the pres- 
ence of aminopterin, a folic add antagonist, 
the folic acid utilization in the organism maj’^ 
be interfered with, resulting in a reduction in 
nucleic acid synthesis and a marked retarda- 
tion of the rate of cell di-vision. These facts 
might serve to e.vplain the growth inhibition 
obtained unth the folic acid antagonists in 


Stokes, J. L., J. Sact., Wtt, 48, 201. 
cPnisoff, IV. H., Toply, L. J., and King, C. G., 
J. Biol. Chem., 194S, 170, 1309. 

T Steelman, B., and Stedmau, E., Kucleic Acid, 
Ciunbridge I'niv. Press, 1947, p. 232. 


certain of the leukemias®-® and in the trans- 
plantable mouse Sarcoma 180.^® 

Sujitmary. jSIacroscopically and micro- 
scopically, oviducts of frogs receiving aminop- 
terin (4-amino pteroylglutamic acid) failed to 
respond to the groudh stimulating action of es- 
tradiol. However, a significantly greater 
-number of mitotic figures were visible in these 
oviducts. Evidence is presented to suggest 
that tJie folic acid antagonists ma3’' exert their 
growth inhibitory action by interfering uith 
folic acid utilization in the organism, u-ith a 
consequent reduction in nucleic acid synthesis 
and a retardation of the rate of cell division. 

s F.irbcr, >S., Di.-iniond, L. K,, Mercer, B. D., 
Sylvester, B. F. Jr., and Wolff, J. A., Kew Enff- 
Uind J. 2lcd., 194S, 238, 787. 

« Burchciml, J. H., Burclienal, J. K., KusHda, 
M. X., Jolmston, S. F., and Williams, B. S., 
Cniiccr, 1949, 2, 118. 

10 Moore, H. E., .Stock, C. C., Sugium, K., and 
Bho.ads, C. P., Proc. Soc. Exp. Biol, axd Med.,. 
1949, 70, 39G. 

Received June 2, 1949. P.S.E.B.M., 1949, 71,. 


17225. Increased Metabolic Rate in Rats after X-Irradiatlon, 
Leonard B. Kirschner,* C. Ladd Prosser, and Henry Quastler. 

From the Department of Zoology and Physiology, University of Illinois, Urbana, III. 


Some metabolic reactions maj'- be increased 
after e.xposure to total-body irradiation. In- 
direct evidence for increased metabolism in 
dogs 1-3 weeks after irradiation was presented 
b}' Prosser et al.\^ (I) Weight loss was 
greater after irradiation than in non-irradi- 
ated dogs in which food intake was limited 
to amounts less than consumed bj' the irradi- 
ated animals. (2) Nitrogen excretion was 
maintained by irradiated dogs despite a de- 
crease in food intake, and in the acute ter- 
minal period the nitrogen balance was nega- 
tive. (3) The metabolic balance minus the 

’Present address: Plij-siology Bepartment, Bni- 
Tersity of Wisconsin, Madison, Wis. 

I Prosser, C. B., witli contributions by Painter, 
E. E., Lisco, H., Brues, A. M., Jacobson, L. O., and 
Swift, M. X., Badiology, 1947, 49, 299. 


water balance or metabolic index is given by 
[(food -j- water -j- weight loss) - (urine -|- 
feces)] - [(food water -J- water drunk) 
- (urine -f- feces water)]. This metabolic 
index is a measure of COo exhaled plus water 
of metabolism and tvater of tissue breakdo-wn. 
This quantity increased significantly in dogs 
during the first 2 weeks after irradiation and 
increased considerably during the acute ter- 
minal period. 

As a check on the hypothesis that catabol- 
ism is increased after irradiation, basal me- 
tabolism has been measured in rats after total 
body e.xposure to x-rays. 

Materials and methods. Forty-four albino 
rats, 24 males and 20 females, ranging in 
initial weight from 160 to 310 g, (average 206 
g) were used. There was no apparent dif- 
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Pig. Jn-g. 

Average oxygen, consumption in ml Oj/g/lir of groups of rats irradiated at 
day B. la: 6 rats ivhieli died 3-5 da 3 'S after exposure; lb: 8 rats wbicb died 
S-10 days after exposure; Ic: 6 rats ivliieli survived potentiaiiv ietlia] doses; 
Id: 4 rats exposed to 432 r. le: 5 at 210 r, .If; 5 at lOS r. ‘ig: 4 at 34 r. 
Horizontal Hues; Control average Qo^ for eacli group. 


ference in reaction as a function of size or 
sex. The postabsorptive o.xygen consumption 
was measured daily between noon and 4 P.M.; 
animals were weighed after each metabolism 
measurement. 

The equipment used for. measurement of 
oxygen consumption was a modification of the 
apparatus described by Schwabe and Griffith.- 
This is a closed gas circuit consisting of a glass 
animal chamber, a circulating oil-immersed 
pump, COa and HaO absorbers, and two flasks 
arranged as water valves which maintain a 
constant pressure in the entire system. Oxygen 
is supplied through the pressure-maintaining 
flasks from a rubber bag. Volume differences 
in the first of the pressure flasks are transmit- 
ted to a water manometer from which a float 
writes on a kymograph. Movement of the 
animal was reflected in a steeper rise of the 
kymograph record. Au measurements of 
Qos were based on the least slope, (which cor- 
responded to periods when the animal was at 

iioM, 1038, IS, IS’- 


rest) and were expressed as ml of O 2 consumed 
per g body weight per hour. Animals were 
placed in the chamber for a half hour each 
day until they became accustomed to the 
apparatus. Then control measurements were 
made for several days prior to irradiation. 

The rats were irradiated, 2 to 3 at a time, 
in a ceil cut into a block of presswood. The 
dimensions of the block were 40 x 40 x 20 cm, 
those of the cell 18 x IS x 10 cm. One half 
of the dose was administered from above, one 
half from below. Factors were: 200 K.V.p., 
no filter, T. D. of 55)4 cm (to center of cell). 
The dosage distribution was determined by 
measurement noth a \''ictoreen thimble cham- 
ber in a phantom of presswood eqnal in size 
to the irradiation block and cell. It was 
found that the dosage distribution was fairly 
uniform, the minimal dose (at the corners of 
the cell) being 83% of the maximal dose (in 
the center). The average tissue dose rate 
was 40.5 r per minute. 

Experimenfaf results. The animals have 
been divided into 4 groups, in a way that was 
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TABLE I. 

O-tTgen Consumption in Contol Aiiimals: Aiiahsis of Tnrinnco. 



Sum of squared 
deviations 

Begrees 
of freedom 

Variance 

Stamlard 

deviation 

Dailv variations 

0.3.9 

55 

0.007 

o.os 

Var. between rats 

0.35 

17 

0.021 

0.14 

Total vari.ation 
about the geueral 
mean = 81 

0.74 

7-2 

dl 

1.75; 

52 

P <0.0027 


suggested b\' a survei’’ of the responses ob- 
tained. Of 20 rats which received doses of 
from 648 to 972 r, 6 died 3 to 5 days, S died 
9-10 days after treatment, and the remaining 
6 surt'ived. The clustering of survival times 
around 2 values suggests 2 groups defined by 
survival times. That deaths occur at certain 
times after irradiation has been frequently 
obseiA'ed; the clinical syndrome is different 
according to the time of death. The third 
group contains the rats which survived a po- 
tentially lethal dose. In the fourth group are 
animals treated mth sublethal doses. The 
group averages of Qoj values are presented 
in Fig. 1. 

Controls. Measurements of oxygen con- 
sumption before irradiation yielded an average 
of 0.83 ml/g/hr which is slightlj’- higher than 
values given b)' Closes.'’ The variance was 
analyzed, following R. A. Fisher’s procedure,'* 
on the material obtained from 17 rats on 
each of which 4 to 5 control measurements had 
been made. The data are given in Table I 
which shows that the oxj'gen consumption of 
any single rat varies from day to day with a 
standard deviation of about 10% of the mean, 
and that differences between rats are higher 
than expected on the basis of random samp- 
ling. The excess standard deviation is about 
15% of the mean. 

Death in 3 to 5 days. Six of 12 rats which 
received 972 or 809 r developed severe diar- 
rhea, lost weight rapidly, and died 3 to S days 
after e.xposure. Their Qo; was increased by 
about 35% within 24 hours after treatment 
(earlier measurements were not taken) (Fig. 

3 Moses, L. E., Proc. Soc. Exp. Biol, and Med., 
1947, 64, 54. 

4 Fisher, B. A., Statistical inetliods for research 
worhers, 10th ed., 354 pp., N. T., G. B. Stecliert 
Co., 1946. 


la). These animals lost an average of 17% 
of body weight by the time of death (Fig. 2a). 

Death in 9 to 10 days. Six of the 12 rats 
irradiated nith 809 or 972 r, and 2 out of S 
treated with 648 r, died 9 to 10 dat^s after 
irradiation. No severe diarrhea occurred in 
this group. Their Qoo was elevated at the first 
measurement after exposure and remained — 
on an average — 58% higher tlian the preir- 
radiadon level until the day before death, 
•when it declined (Fig. lb). IVeight loss was 
not rapid in tius group; it reached 17% at 
5-6 days (Fig. 2b). Thereafter, there was 
little change in weight, some individuals 
showing a slight gain. Weight loss definitely 
did not mirror the course of the metabolic rate. 

Survival after potentially lethal doses. Six 
of 8 rats which received 648 r survived be- 
yond the time ivhen acute death occurs. Each 
of these showed an increase in oxygen con- 
sumption. The average increase was 32% 
during the first 7 'days. During the period of 
8 to 10 dai's after the irradiation — at the time 
when the second group of non-sunn'vors was 
di'ing — there was in some individuals a de- 
pression of the metabolic rate to onl}'^ 10% 
above the preirradiation level. After this 
brief period, higher Qo« values (on the 
average 25% above normal) were again ob- 
tained. .4t 17 days, oxygen consumption was 
still elevated (Fig. Ic). The weight loss in 
this group reached about 7% on the fifth dajn 
The W'eight remained at this level until about 
■the ninth day, after w’hich it rose toward the 
preirradiation level (Fig. 2c). 

Sublethal doses. Doses of 432, 216, 108, 
and 54 r w’ere administered to 4, 5, 5, and 4 
rats respectively. With all 4 doses, the meta- 
bolic rate rose slightly (an average of S%) 
for a 16-day period following irradiation. The 
difference is small but highly significant. It 
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Fig. 2.1-g. 

Average percentage of liocly weiglit before anil after irradiation at time F. 
For each group of rats 100% corresponds to the mean pre-irradiation wciglit. 
Doses as indicated. 


is based on 74 tests before and 199 tests 
after irradiation, in a total of 18 rats. The 
standard deviation of this difference in metab- 
olism between the rats before and after ir- 
radiation is about' 0,014 or l.lfo of the 
normal metabolic rate. This is only one-fifth 
of the difference observed between pre- and 
postirradiation metabolism. An inspection 
of the curves (Fig. Id to Ig) suggests that 
the rise of the metabolic rate occurs more 
slowly at these lower doses than in the 3 
groups previously described in the lethal 
range, and that the response does not vary 
much over the dosage range from 54 to 432 r. 
Our material is not large enough to warrant 
any definite assertion beyond the general 
statement that the metabolic rate does in- 
crease after administration of small doses. 
Weight loss, if it did occur at all, was small 
and of short duration in the sublethal range 

(Fig. 2d to 2g). . , , 

Tests with iwnbutal. Eight of the experi- 
mental rats were lightly anaesthetized with 
0 05 g nembutal per 100 g body weight each 
day before their metabolic rate was measures 
The average Qoo of the nembutalized animals 
was 0.79 compared to the control value of 0.82 
in 25 unanaesthetized animals tested at about 
the same time. The response of the metabolic 
rate to irradiation was about the same m both 

sets of animals. , , 

Discussion. The preceding data sh^ that 
total body irradiation produces increased oxy- 


gen consumption in rats. This reaction occurs 
over the whole dosage range tested, from 54 
to 972 r. The increase is pronounced after 
lethal doses — whether or not the animal sur- 
vives — and slight but still significant after sub- 
lethal doses. The rise occurs during the first 
postirradiation day after lethal doses; it seems 
to develop more slowly after sublethal doses. 

The increased oxygen consumption is cer- 
tainly not due to excessive feeding; irradiated 
animals eat less than normal. Neither is it due 
to increased activity, as shown by frequent 
observations of activity and by the nembutal 
tests. After high doses, the metabolic rate re- 
mains high during a time when the animals are 
recovering their normal weight, and after small 
doses the metabolic rate may go up without 
associated weight loss. Loss of body weight 
and increase in metabolic rate depend upon 
consumption of body substance, but there are 
probably several factors which influence only 
metabolic rate or body weight and some of 
these must be responsible for the observed lack 
of conformity between the two kinds of 


asurement. 

rhe increase observed in metabolism of the 
after irradiation need not be interpreted as 
Bct stimulation of oxidative enzyme sys- 
is. In fact, all available evidence sug- 
ts that the metabolic response may result 
in indirect action. Measurements in buf- 
^ saline of respiration of tissue slices 
u irradiated animals show either a depres- 
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sion or no change/' Similarly respiration is 
reduced in tissues and isolated enzymes ir- 
radiated in vitro (Barron ct al.,^ Dale*^ and 
others). Apparently the response of an in- 
tact animal where the tissues are bathed by 
the complex body fluids differs from the re- 
sponse of tissues in simpler media. The bodj' 
fluids of irradiated animals contain products 
of tissue breakdown, and there is much evi- 
dence of toxemia during the acute radiation 
reaction. It is not likely that all the toxin is 
liberated at the time of irradiation. It is more 
probable that some cell injury remains latent 
for daj'S and results, over an extensive period, 
in production of materials which have a spe- 
cific dj-namic action, reflected in derated 
metabolism. It is of interest that th3Toid 
metabolism, as indicated b\’ the iodine turn- 
over, is increased 2 to 3 daj's after irradia- 
tion.' 


3 Barron, E. S. G., to be published in Xai. Xncl. 
En. Ser., 1949, H/. 22B. 

0 Dale, tv. M., Brit. J. Bad., 1943, 19, 171. 


Summary. 1. Rats which died 3 to 5 daj’s 
after total-bodj’ irradiation of 809 - 972 r 
showed an elevation of oxygen consumption of 
about 35% occurring within 24 hours. 

2. Rats which died 9 to 10 dat’s after doses 
of 648 to 972 r showed an increase in metab- 
olism of about 58% and a decline prior to 
death. 

3. Rats which sunnved doses of 648 r 
showed an average increase in o.x}'gen con- 
sumption of 32% during the first week, and 
less pronounced increase extending over a 
period of at least 16 da\'s after irradiation. 

4. .A.t doses from 54 to 432 r there was an 
increase in metabolism by about 8J4%. The 
maximum o.xj-gen consumption was reached 
later at sublethal rather than at lethal doses. 

5. Increased metabolism did not coincide 
with weight loss either in time course or in 
dose dependence. 

~ Ev.ins, T. C., Clarke, G., and Sobel, E., Aiiat. 
Bee., 1947, 99, 21. 

Received May 24, 1949. P.S.E.B.M., 1949, 71. 


17226. Differential Blood Counts on Rats During Shock Induced by 
Tourniquets. 

Mary P. Wiedexian and Chester R. Lewis. (Introduced by B. W. Zweifach.) 
From tJie Bepartment of .dnatomy and Physiology, University of Kentvchy, Lexington, Ky. 


The hematological changes which occur 
during secondary shock have been reported by 
Cannon, Frazer, and Hooper,^ and other 
workers as reviewed bj”^ !Moon.- Among the 
changes reported are variations in the red 
and white cell counts, but the relative values 
of the different white cells in particular have 
been neglected. White and Dougherty’ have 
shown that in instances of stimulus or stress 
there is a dissolution of lymphocytes. It is 
the purpose of this study to show the changes 
which occur in the percentages of lymphocytes 

1 Cannon, . B., Frazer, J., and Hooper, A. Is., 
J.A.iI.A., 1918, 70, 525. 

2 Moon, Y. H., Shod-, 1942, Lea and Febiger, 
Philadelphia, Pa. 

3 White, A., .and Dougherty, J. P.,.Ann. X. Y. 
Acad. Sci., 1946, 40, 839. 


and polymorphonuclear neutrophils during 
induced experimental shock. Through the 
course of the experiment, it was found that 
the changes in the percent of monocytes, 
basophils, and eosinophils were too small to be 
significant. 

Materials and methods. Albino rats, Sher- 
man strain, including both sexes, and 
ranging in weight from 98 to 292 g were used. 
Rubber bands, tightly wrapped, were placed 
at the highest possible point on both thighs. 
The rats were kept in a semi-conscious state 
with intraperitoneal injections of nembutal 
(Abbott). Blood was obtained bjr puncturin'^ 
a tail vein and then subjected to the usud 
methods for determining gross and differential 
counts. 

Preliminarj' experiments on 12 rats were 
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LYMPHOCYTE CHANGES FOR 
CONTROLS AND GROUP 2 



Fig. 1. 

Each circle represents the change in l 3 -nipho- 
cytes which occurred between 2 and 3 hours after 
the release of 5-hour tourniquets in e.xpcriineiital 
animals and 2 hours after a 5-hour period of 
anesthesia for the control animals. Broken hori- 
zontal bars indicate the average change for each 
group. 

conducted with both gross and differential 
counts being made at the same time to obtain 
the actual values of the cells present. The 
gross counts were discontinued in subsequent 
e.vperiments after the trend had been estab- 
lished. Another group of 33 rats was used for 
differential counts alone. To establish the 
normal count, one smear vvas made just after 
the tourniquets were applied, and other 
smears were made every hour after the re- 
moval of the tourniquets for 3 hours if the 
animal lived. A third group of 11 rats was 
injected with dibenamine hydrochloride,* an 
adrenolytic drug, just before the tourniquets 
were applied. The procedure, othenvise, was 
the same as described above. In a fourth 
group of 9 animals, smears were made from 
blood taken from the toe at the end of the 
5 hour period, just before the removal of the 
tourniquet. The procedure, otherwise, was 
the same as described for the second group. 

In the present series of shocked rats, an 
average of 4 counts were made on 144 animals. 

* Supplied by Dr. W. Gump, Giv-iudan-Dcla- 
wauna, Inc., Delawaima, IC. J. 


; IN Tourniquet Shock 

For each differential count at least 100 cells 
were counted while in the second group' of 
33 animals used for differential counts alone 
and in the control group at least 200 cells 
were counted. This procedure would appear 
to establish the validity of the date presented. 

Results. The significant feature of the 
studies reported is a comparison between the 
blood counts of fatal and non-fatal cases of 
shock. Undoubtedly, the procedures em- 
ployed, anesthesia, tourniquet trauma, and 
handling, of themselves will produce some 
changes in the white blood cell count. How- 
ever, the decrease in lymphocyte count found 
in animals that died is significantly greater 
than variations in the blood count of normal 
rats. This can be seen in Fig. 1. There are 
two obvious factors which per se may bring 
about the degree of scatter seen in Fig. 1. 
First, it should be emphasized that the onset 
of profound shock varies in the e.xpEr'mental 
animals and that death occurs anywhere from 
1 to 10 hours after release of the tourniquets. 
Similarly, the greatest lymphocyte decrease 
is not always 2 to 3 hours after tourniquet 
release. However, in order to permit a direct 
comparison between the different animals, the 
blood samples recorded here were all taken- 
between 2 to 3 hours after tourniquet removal. 
This factor may be the cause of some of the 
variability encountered, as illustrated in 
Fig. 1. Secondly, the animals begin to revive 
soon after the anesthesia wears off and the 
stress resulting from continued attempts to 
escape from the animal-boards may cause a 
greater temporary decrease in lymphocytes 
than would be seen if the animals were free. 

In five rats subjected to pentobarbital anes- 
thesia for a period of 4 hours only a slight 
decrease in lymphocyte count from 5 to 11%, 
an average of 9%, was encountered. The 
average decrease in lymphocytes in controls 
carried for 2 hours past a 5-hour period of 
anesthesia (comparable to a 5-hotir tourni- 
quet period) was 12.9%. In contrast, the 
average decrease in fatal cases of shock was 
IS.5%. 

Group 1- Gross and Differential Counts 
in Tourniquet Shock. In preliminary e.xperi- 
ments on 12 rats, all of the animals showed a 
decrease in lymphocytes after removal of the 
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TABLE I. 

. Percentage of Lrinpliocytcs and Time of Death in Dihenamiue Treated Eats 2 Hours after the 
Belease of Hind-Limb Tourniquets. 



Normal % of 

Lymphoevtes 2 hr after 

Time of death after 

No. 

lymphocytes 

tourniquet release, 91 

tourniquet release, hr 

1 

75 

37 

3 

O 

78 

61 

O 

3 

GG 

26 

3 

4 

74 

47 

3 

5 

75 

57 

2 

6 

64 

44 

o 

7 

7G 

5S 

o 

s 

7S 

49 

o 

9 

66 

46 

3 

10 

73 

52 

o 

11 

67 

46 

o 



TABLE II. 


Percentage of Ljinplioeytes in 

the Leg Prior to Tourniquet Eclease and 2 Hours after Eelease. 




Lymphocytes 


Normal % of 

Lymphocytes in leg before 

in blood 2 hr after 

No. 

lymphocytes 

tourniquet release, % 

tourniquet release, % 

1 

71 

75 

20 

O 

Co 

84 

29 

3 

60 

8S 

54 

4 

60 

56 

45 

5 

94 

86 

G6 

6 

73 

84 

53 

7 

S2 

92 

82 

8 

79 

90 

54 

9 

90 

87 

50 


tourniquets, irrespective of whether the gross 
count increased or decreased. In all of these 
cases the actual number of lymphocytes was 
decreased. Si.x of the rats showed a decrease 
in gross count following the tourniquet re- 
moval. In these the actual number of Lympho- 
cytes decreased more than the actual number 
of polj-morphonuclear neutrophils were 
increased. For example, the normal count of 
one animal showed a total of 7700 cells, of 
which 79% (6083) were lymphocytes and 
21% (1617) were polymorphonuclear neutro- 
phils. Two hours after tourniquet removal, 
the gross count was 5800 with 54% (3132 
cells) lymphocytes and 46% (2668 cells) 
neutrophils. Therefore, the decrease in 
lyunphocytes was 2951 cells and the increase 
in neutrophils was 1051 cells. A similar rela- 
tionship was found in all instances where 
there were decreases in gross counts. On 
the other hand, there was an increase in the 
gross count in 6 of the rats. In these, the 
actual increase in the number of neutrophils 


was on the average greater than was the 
decrease in the number of lymphocytes. For 
example, one animal showed a normal gross 
count of 6300 cells, of which 90% or 5670 
were lymphocytes and 10% or 630 were 
neutrophils. Two hours after tourniquet re- 
moval, the gross count was 6500 cells with 
50% or 3250 Lymphocytes and 50% or 3250 
neutrophils. Therefore, the actual decrease 
in lymphocytes was 2420 cells while the 
actual increase in neutrophils was 2620, or 
200 cells more. 

Group 2. Differential Counts in Tourni- 
quet Shock. In a group of 33 rats, 11 died 
within 4 hours following removal of the 
tourniquets, 4 died within 6 hours, one died 
at 2 1 hours, and 4 died at some undetermined 
time during the night. Thirteen of the 
animals lived. The differential counts of the 
20 that died showed a decrease in the percent 
of Lymphocytes, the greatest decrease being 
46%, the least decrease 4%, and the average 
18.8%. Of the 13 animals that lived, the 
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greatest lymphocyte decrease ivas 27%, the 
least decrease 5%, and the average 13.3% 
(see Fig. 1). 

Group 3. Dibenaminc Treated Animals. 
In the group ol 11 rats injected intraperi- 
toneally with 2 mg dibenamine hydrochloride 
all of the anmals died mthin 3 hours. These 
animals showed a considerably shorter period 
of life following removal of the tourniquet 
and they also showed a greater lymphoc 3 de 
decrease than untreated rats (Table I). The 
greatest lymphocyte decrease was 40%, the 
least 17%, and the average decrease was 
24.4%. 

Group 4. Differential Counts on Blood in 
Leg Prior to Release oj Tourniquets. In 
order to determine whether the decrease in 
lymphocj'te count was due to a loss of cells 
into the traumatized limb, smears were done 
in 9 rats with blood taken below the tourni- 
quet, just before its removal. These showed 
an average increase of 11% in lymphocytes. 
In contrast the decrease in lymphocyte count 
averaged 24% in the blood taken from the 
tail vein following the release of the leg tour- 
niquets and the development of shock which 
resulted in death for all of the animals 
(Table 11). 

Discussion. Mann^ has reported a general 
increase in the number of leucocytes in the 
initial stages of shock followed by a leuco- 
penia as the animal approaches death. The 
magnitude of the change which occurred de- 
pended on the stage and intensity of the 
condition. 

The group of preliminary experimental rats 
reported here showed different stages of shock. 
In the present experiments the initial changes 
in gross leucocj'te counts were inconstant 
whereas a leucopenia invariabL' developed 
within 2 hours, consisting for the most part 
of a decrease in the percent of lymphocytes. 
The fact that, as the gross count decreased, 
the actual number of lymphocytes decreased 
more than the neutrophils increased, would 
seem to indicate a definite effect on the indi- 
vidual types of cells. During this general 
decrease, it would have been less significant, 

4M!inn, F. C., Bull. Johns Hopkins Bosp., 1S14, 
25, 203. 


if the lymphocjdes and neutrophils decreased 
proportionately, maintaining the original 
ratio. 

The lymphocyte decrease would appear to 
be a result of a reduction in the actual number 
of cells, caused by decreased production or 
increased destruction. It has been suggested 
that lymphocytes maj' furnish antibodies or 
inactivate toxins for the bodr^’s defense.'^ 
Dougherty and White^ have shown that an 
increase in pituitary-adrenal cortical secretion 
is paralleled by an increase in h'mphocv'tic 
dissolution accompanied bj^ an increase in 
antibody titer in the blood of immunized 
animals. Seh'e® has also shown that the 
pituitarj’^-adrenal system is stimulated during 
the development of shock. The possibility, 
therefore, exists that this factor may be 
related to the decrease in the number of 
lymphocytes. 

Munro and Noble' found that normal rats, 
exposed to trauma in the Noble-Collip drum 
showed a marked fall in lymphocytes. The 
decrease in number was directly related to 
the amount of trauma. When the trauma 
ivas great enough to cause death the Ijunpho- 
lysis was both rapid and severe. 

It is possible that the vaso-depressor sub- 
stance (VDM) described by Shorr, Zweifach 
and Furchgott® as being liberated during the 
course of shock may be related to the change 
in lymphoc.vte count which occurs when the 
tourniquets have been released. 

The earljr deaths observed in the animals 
injected with dibenamine hydrochloride may 
be due to the fact that the compensatory 
mechanism for combatting the presence of 
hypotension is made less effective by the 
action of this drug on the sympathetic nervous 
system. The secondarj' changes in the blood 
picture are similarly enhanced. 

Summary. 1. A Ij'mphocyte decrease 

0 Best, C. H., .ond T.ivlor, N. B., The Bhysiolopi- 
cal Bosis of Hedicnl Practice, 1945, The WiJIiams 
and Wilkins Co., B.oltimorc, JId. 

0 Solve, H., J. Clin. Endocrinol., 1940, 0, 117. 

7 JIunro, B. B., and Noble, B. B., ptd. Proc., 
1947, 0, 168. 

ssliorr, E., Zweif.acli, B. W., .md Furcbgott, 

B. F., Science, 1945, 102, 489. 
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occurs within 2 hours following the removal 
of the tourniquet in fatal shock induced by 
leg tourniquets in albino rats. 2. There is no 
decrease in the percent of hunphocytes in 
blood smears made below the tourniquet at 
the end of a 5-hour period. 3. Dibenamine 
hydrochloride increases the onset of death in 


tourniquet-shock and increases the lympho- 
cyte decline. 

The AVTiters wish to thank Dr. B. AV. Zwcifach 
for helpful suggestions, and also Mr. Jack Cliew- 
ning and Mr. Joseph Pugh for teclmie.al assistanec. 
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17227. Protecting Effect of Heparin on the Inactivation of Thrombin by 
Heat.^ 


L. A. Palos. (Introduced b\' J. Tomesik.) 

From the Unnicnic Institute, University of Basel. 


Thrombin and thrombokinase, unlike pro- 
thrombin, are oxidizable and become inactive 
in their oxidized form, as reported previously.* 
Further investigations proved that -/-quan- 
tities of heparin inhibit completely the inacti- 
vation of thrombin by oxidation. This prop- 
erly of heparin, unknomi till now, showed 
itself to be specific; it can be concluded, 
therefore, that heparin possesses not onlj"^ an 
antagonistic action on thrombin, but, under 
certain circumstances, has also qualities pro- 
tecting thrombin." The inactivation of the 
coagulation factors by means of oxidation 
supports our previous theorj' on the role of 
oxidation in blood coagulation. Our experi- 
ments show that increased oxidation dimin- 
ishes coagulability of blood, whereas oxj'gen 
deficiency accelerates coagulation. Therefore 
breathing itself must be the essential regula- 
tor in blood coagulation in vivo as has been 
showTi.^ The thrombin-protecting effect of 
heparin, which contrasts wth its inhibitory 
effect on coagulation, is not clarified in our 
earlier work. It is supposed that this ques- 
tion could be answered by clearing up the 
nature of the plasma factor (co-factor) of 
heparin. This supposition is supported by the 
fact that the unknown plasma factor can 
modify the heparin effect, as may be seen by 

* Aided bv the Eocho Beseareh Fund, B.isel. 

1 Palos, Jj. A., Xature, in print. 

2 Palos, D. A., Earperie)ifia, 1949, 5, 207. 

3 P.ilos, L. A., Acta iledica Scandinavica, in 
print. 


the different reactions of heparin against 
plasma and purified fibrinogen. Heparin has 
no coagulation-inhibitory effect on purified 
fibrinogen.* 

In the present work we investigated whether 
heparin has an inhibiting effect on heat inac- 
tivation of thrombin, similar to its protecting 
effect toward oxidation. "We used for our 
investigations thrombin and heparin (Lique- 
min, Hoffmann-La Roche). The activity of 
thrombin was measured with a solution of 
fibrinogen, containing 15 mg/ml of drj' sub- 
stance; the time of coagulation was noted 
in seconds. The solutions used for heat inac- 
tivation contained thrombin mixed with varied 
quantities of heparin. In each e.xperiment 
the mixtures of thrombin and heparin were 
kept exactly 10 minutes in the water bath. 
A control series was similarly treated without 
heparin. The activity of thrombin was meas- 
ured 1 hour after the samples were removed 
from the water bath. 

It can be seen from Table I that the inacti- 
vation of thrombin by heat is inhibited most 
efficiently by an equal quantity of heparin. 
Smaller amounts of heparin inhibit less; how- 
ever, a larger amount does not essentially 
increase the inhibitoiy^ effect. The heat inac- 
tivation of thrombin in the presence of an 
equal amount of heparin is demonstrated in a 
curve which is essentially similar to the inac- 
tivation curve of thrombin following oxidation. 

•« Howell, W. H., and Holt, E., Am. J. Physiol, 
1918-19, 47, 328. 
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TxVBLE I. 

Activity of Tiironii/in after Keeijing 10 Jlin. at Different Temperatures in IVater Bntli ivitli 
and rrithout Heparin. 


Temp. ”0 

Thrombin : 
Heparin : 
pro ml dost 
water 

1 mg . 
1.5 mg 

Img 

1 mg 

1 mg 

0.5 mg 

Img 

Onig 

20 


15" 

15" 

10" 

10" 

30 


16" 

10" 

20" 

20" 

40 


17" 

18" 

5”" 

29" 

50 


23" 

24" 

34" 

50" 

60 


23" 

20" 

51" 

500" 

70 


28" 

29" 

66" 

1200" 

80 


34" 

30" 

SS" 


90 


44" 

45" 

90" 

CO 

100 


51" 

52" 

200" 

CO 


Without heparin inactivation of thrombin 
is strongly accelerated at 50°C; between 70 
and 80“C it loses its activity, i.e., the fibrino- 
gen cannot be further coagulated. In con- 
trast, a solution of thrombin containing a 
corresponding amount of heparin, after even 
10 min. boiling (100°C), causes a strong 
coagulation of fibrinogen; the activity dimin- 
ishes only to one-third of the initial value. 

The protecting effect of heparin shows dif- 
ferences concerning oxidation of thrombin and 
inactivation by heat. In the first case y-quan- 



Fio. 1. 

Actirity of tlirombin after keeping 10 minutes 
at different tempcratiires in water batli witliont 
(A) and with (B) liep'arin. 


tities of heparin were enough to stop oxidation 
completely. For protecting the inactivation 
by heat there are required at least equal 
quantities of heparin to produce a marked 
effect. Total inhibition of heat inactivation 
could not be obtained. If the treatment with 
heat is prolonged, the thrombin loses its 
activity despite the protecting effect of 
heparin, but much more slowly than without 
heparin. 

A similar effect to that of heparin ■ could 
not be produced ivith other, not esterified 
di- and polysaccharides, neither in the oxida- 
tion experiments nor in the investigation on 
heat inactivation. 

Synthetic polysaccharidesulfonates, which 
correspond to heparin in inhibition of coagu- 
lation, were not investigated. 

These new facts, the total inhibition of 
oxidation and the high grade of inhibition of 
inactivation of the thrombin by heparin may 
lead to a new conception of the relationship 
between thrombin and heparin. 

Snmmary. The inactivation of thrombin 
by heat is sharply inhibited, if it is mi.xed 
with equal parts of heparin. Heating a mix- 
ture of thrombin-heparin (1:1) for 10 min- 
utes to 100°C causes only a slight decrease 
of activity. 

Received June 7. 1049 . It.S'.K.B.M., 1949 , * 1 . 
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17228. Relationship Bet^veen Spontaneous Activity and Metabolic Rate as 
Influenced by Certain Sympathomimetic Compounds. 

F. A. Vv'ATERMAit. (Introduced by A. C. Kuyper.) 


From the Depnriment of BMopy, 

The measurement of spontaneous activity 
in small animals appears to be dependent 
upon the method used, many of which have 
been described in the literature. Results 
reported by the author,* based upon change 
of resistance in an electrical circuit when an 
electrode is moved in and out of a salt solu- 
tion, differ from those obtained by others. 
Schulte ct al.,- using a work adder tj’pe of 
kinisimeter, reported that d-X-methyl-a- 
methyl-^-phenylethylamine HCl (deso.xy- 
ephedrine) was a more powerful stimulant 
than dl-benzedrine HCl. They also found 
that the 1-isomer of N-methyl-8-cyclohex>-l- 
isopropylamine HCl had a greater stimulating 
effect than the d-isomer. The writer 
was unable to confirm either of these results. 
The results obtained with all kinisimeters 
may be criticized on the basis that they do 
not record the very small movements pro- 



Fig. 1. 

Apparatus for the continuous estimation of the 
metabolic rate of small animals. 


lWatcrm.an, F. A., Science, 1947, 106, 499. 

2 Schulte, J. W., Beig, E. C., Bacher, J. A., Jr., 
Lawrence, IV. C., and Tainter, M. L., J. Pharm. 
Exp. Therap., 1941, 71, C2. 


Wajine Unirerjiiiy, Detroit, Mich. 

duced by compounds, such as desoxyephedrine 
which causes the animal to swing his head 
continuously in a rotary manner. Since oxy- 
gen is consumed in making these movements, 
it was considered that a measurement of 
oxj-gen consumption and determination of the 
metabolic rate would be of use in determining 
spontaneous activity effects. 

Apparatus. The types of apparatus used 
for oxygen consumption determination have 
been reviewed by Tabor and Rosenthal.^ The 
apparatus used in this study is shown in Fig. 
1. The tops of two 500 ml dispensing 
burettes were connected to a large pyrex 
desiccator. A thermometer was fastened to 
the inside wall of the desiccator in order that 
the vapor tension could be corrected. The 
upper ends of the burettes were connected to 
specially constructed manometers filled with a 
saturated solution of sodium chloride contain- 
ing a small amount of aerosol to decrease 
surface tension. Two expansion chambers are 
included in each of the manometers to pre- 
vent the electrolyte from being accidentallj’ 
drawn into the burettes or spilled to the out- 
side when the apparatus is being filled mth 
oxygen. It will be noted that a small vent is 
blown in the side wall of the expansion cham- 
ber containing the electrodes. These elec- 
trodes control the current passing through 
Allen and Bradley solenoids, which, in turn, 
control the flow of water from the 500 ml 
leveling bulbs into the burettes. A simple 
switch is included in each solenoid circuit in 
order that the current may be broken at will, 
to permit filling the burettes with oxygen. 
The base of the desiccator is filled wdth soda 
lime and a disc of heavy screen wire (hard- 
ware cloth) replaces the desiccator plate. 

All measurements are made in a constant 
temperature room. The animal is placed in 
the chamber and the apparatus washed out 

3 Tabor and Bosentb,-ii, Am. J. Physiol., 1947 
149, 449. 
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several times with oxygen. As the animal 
consumes oxygen the side arm of the manom- 
eter falls and breaks the electrical circuit, 
causing the solenoid to drop and allowing 
water to enter the burette. When the water 
has replaced the consumed oxygen, the orig- 
inal level of the electrolyte in the manometer 
is restored, automatically closing the circuit 
and the solenoid again pinches the rubber 
tube which stops the flow of water, 't^flien 
one burette is depleted of ox 3 rgen, the 3-Avay 
stopcock is turned and the second burette is 
thrown into service while the first one is being 
refilled. Thus the oxygen consumed can be 
determined continuously. 

In the calculations an R.Q. of 0.725 was 
assumed.'* The metabolic rate in this investi- 
gation is defined as calories of heat per hour 
per gram of body weight. All measurements 
were made with animal in the post absorptive 
state. This method is particularly useful for 
the rapid screening of drugs. The accuracy 
of such methods as that of Haldane" and ac- 
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Fig. 2. 

Graph shonwg tho effect of dl-benzcdriiic .^nd 
desoxyepUedrine on the metabolic rate and contMl 
nervous excitation. 


curate surface area determinations are un- 
necessary. 

Experimental. Control animals were in- 
jected with normal saline solution and their 
metabolic rate determined at 10-minute in- 
tervals over a period of 6 hours. The experi- 
mental animals were injected with the com- 
pound being studied and determinations of 
oxygen consumption in 10-minute intervals 
were begun at once. The control and experi- 
mental data obtained were plotted along with 
the data previously obtained from activity 
studies* in order that the relationship between 
metabolic rate and activity could be readily 
seen. The following compounds were studied: 

No. of Bosage 

rats (mg/kg) 


d-N-metbyl-n-mefliyl-s-plicnyl- G 

efliyianiinc HCl (dcsoxy- 
epbedrine) 

dl-bcnzcdrinD HO G 

l(3',4'-djIiydroxyi)lienyI) -2-iso- 0 

propylaininoetlianol HO 
(Isuprc!) 

N-metliyl-/ 3 -cyclo!icx 3 'Iisopropyl- 
amino HO 

d-isomer 6 

l-isomor 6 

Ncosyneplirine HCl 6 


a 


0 

1 


5 

5 

0.07 


Fig. 2 shows the effects of both benaedrine 
and desoxyephedrine (d-N-methyl-a-methyl- 
y3-phenylethylamine HCl) on the metabolic 
rate and activity of the animals. The maxi- 
mum activity as rvell as the maximum meta- 
bolic rate are higher in the case of benzedrine 


N • - cychhetyfiacfirvju/h/me •no 

d -isomer mefabofic rate 



Griffith and Farris, 1942, The Kat in Babora- 

r Investigation, p. 38G. 

Diack Samuel L., J- KuMtioa, 1930, 3, 289. 
Hald.ane, J. B. S., J. Physiol, 1892, 13, 419. 


Fio. .3- 

The reJationsliip between the d- and I-isomcrs of 
N-mct!iT 3 -eycIohc.xy)i.sopropylan)ine HO as rc- 
g.nTd 3 their effect on metabolic rate and central 
nervous excitation. 
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Fig. 4. 

The effect of Isuprel on the metabolic rate and 
central nervous excitation. 


than in the case of desoxyephedrine. 

The effects produced by the d- and 1- 
isomers of N-Tnethyl-/3-cyclohesidisopropyl- 
amine HCl are shown in Fig. 3. The d- 
isomer is more active than the 1-isomer as 
shown by effects on both activity and the 
metabolic rate. .A.11 of the above-mentioned 
compounds show parallel increases in both 
activity and metabolic rate. 

The injection of l(3',4'-dihydroxjTDhenyl)- 
2-isQpropylaminoethanol HCl (Isuprel), Fig. 
4, produces, if anything, a slight decrease in 
the activity of the normal animal. However, 
the metabolic rate is markedly increased, 
being even higher than that produced by dl- 
benzedrine. The animal is in a state of com- 


plete collapse and breathing rapidly. His 
heart rate is greatly increased, the peripheral 
vessels are greatly dilated and the tempera- 
ture is elevated. The effect on the metabolic 
rate is clearly not due to movements pro- 
duced by central nervous stimulation. This 
compound has been shown to have a relaxing 
effect on bronchiole spasm induced by pilo- 
carpine and to markedly decrease the blood 
pressure.' The increased oxygen consumption 
is attributable in part to increased heart rate, 
respiratory movements, and possibly to in- 
creased tissue oxidation. 

Summary. Comparisons were made be- 
tween the oxygen consumption and increased 
movements induced by the central nervous 
excitator}' effects of a number of physiologi- 
cally active organic compounds. After in- 
jection of several of these compounds, ben- 
zedrine, desoxj’ephedrine and N-methyl-/?- 
cyclohe.xylisopropjdamine HCl, oxygen con- 
sumption and voluntary movements varied in 
direct relationship to each other. After the 
injection of another compound (Isuprel), 
oxygen consumption increased greatly, but 
there was a decrease in activity. Oxj'gen 
consumption can be used as a measure of 
voluntary muscular activity only under lim- 
ited conditions. 


I Lands, A. M., personal communication. 
Bcceivcd .Tune 21, 1949. P.S.E.B.M., 1949, 71. 


17229. A Simplified Tissue Culture Technic. 
H. Grossfeld,* (Introduced by J. B. ■Murph\'.) 


In a single chicken embryo, we find all that 
is required for preparing tissue cultures: the 
ingredients of the culture medium as well as 
the explant. Salt-glucose mixtures are re- 
placed by amniotic fluid from the same em- 
brj'o from which the tissues are obtained. 
An egg shell sector about 1% inches in di- 
ameter is cut out of the large egg pole on the 
8-9th day of incubation, and the contents are 


•Fellow of the IVorld’s Health Organization. 


poured cautiously into a Petri dish so as to 
avoid bursting the verv^ delicate amniotic 
membrane. The membrane is then punched 
with a thin, sharp cannula and 2-3 cc of am- 
niotic fluid are aspirated. The shell sector 
should not be larger than indicated, otherwise 
the amniotic membrane may be easily dam- 
aged. Only completely transparent fluid 
should be used; turbid fluids are mixtures of 
yolk and amniotic fluid and will inhibit 
growth. Tissue for ex-plants is then cut out 
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hr'' ■ ' 

tf&M 

Fio. 1. 

Photomicrograph of a living culture of chick 
enihrvo heart tissue cultured in embryonic .luice 
Ld + amniotie fluid (1:1), all obtained from the 
same embryo. 


and the remaining embryonic tissue prondes 
the embryonic juice. The culture medium 
consists of embryonic juice and amniotie 
fluid 1:1. The e.xcess of the amniotie fluid 
may be used for all purposes where saline or 
other salt mixtures are usually used, c.g., 
washing of tissue, etc. The growth of cultures 
in this medium is not inferior to the growth 
of cultures in other fluid media. The cells 
are as normal in appearance as cells from a 
plasma culture (Fig. 1). Amniotie fluid not 
onlj' replaces but also, in many regards, sur- 
passes Tyrode’s and other salt-glucose solu- 
tions in that it does not require sterilizing, 
filtering, or pH-adjusting. This liquid me- 
dium method may be recommended for cul- 
tures where the primary medium is to be re- 
moved for experimental purposes and replaced 
by other media. It is also convenient for ob- 
taining growth of single cell layers for inves- 
tigation in dark-field illumination, in phase 
contrast microscopy and in electron micro- 
scopy. 

Rcecivetl Jinie 13, 1949. P.S.E.B.it., 1949, 71. 


17230. A Method of Obtaining Influenza Virus Growth Curves in Individual 
Eggs.* 

ROBERT H Green and Move W. Freymann.^ (Introduced by Francis G. Blake.) 
Pro™ VepaM of Internal McrUcine, Tale UniverslU, ScJ.ool of Mallclne, Ken- Karen, Conn. 


Growth curves of influenza virus propagated 
1 the allantoic sac of embryonated eggs have 
,een described by several inves tigators. 


states 

ublic Health Service. . , „ , 

t James Hudson Brown Memorial Kesearel. 

’iMiiler, G. L., /. Kxp. M«7., , 

-Henle, W.. and Henle, G., Am. J. ^cd. Set.. 

and Horsfall, F. B.. Jr., 

\"H:;irw’ "Cand Rosenberg, B. B., 

r. Exp. Med 1948, 2!>, 390. 

5 Hoyle, B., „ ir t? J Exp. Med., 

c Herfe, W., and Rosenberg, E. B.. /. Exp. 

1949 , 80 , 279 . 


However, most of the studies reported have 
been based on results obtained with the pooled 
allantoic fluids of groups of eggs sacrificed at 
various intervals of time following inocula- 
tion of virus. Relatively little data concern- 
ing the characteristics of such curves in in- 
dividual eggs are available. The use _ of 
pooled fluids has yielded valuable informaUon 
^ to the average rate and extent of virus 
multiplication and, with the aid of specif 
technics, the step-Hke nature of t^e curves. 
Sowth curves in individual eggs should pro- 
vide similar information, in addition to pre- 

curve in each egg. Recently Hoyle 

scribed growth curves of influenza A virus 
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1 cm. 
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Fig. 1. 

Needle devised for aspirating allantoic fluid. 

in individual eggs from which allantoic fluid 
was removed at hourly intervals. -However, 
no details of the technic used for sampling 
were given by him. The present paper de- 
scribes a method by which individual growth 
curves may be obtained. 

Materials and methods. Samples of allan- 
toic fluid were aspirated through needles es- 
pecially devised for this purpose. Aspirating 
needles were made from ordinary 20 gauge 
“hj'podermic” needles by cutting off the ends 
and filing 4 holes in the sides of the short 
lengths of needle remaining. As illustrated 
in Fig. 1, the length of the needle, 
from attachment to the hub to the tip, is one 
centimeter. The holes along the shaft are 
spaced alternately on opposite sides, 2 mm 
apart, the first hole being 2 mm from the tip 
and the fourth 2 mm from the hub. A needle 
of this type was made readily, in 5 to 10 
minutes, with the aid of the flat metal file 
commonly used to remove the tips of glass 
ampoules. However, the filing could be done 
more efficiently by means of a dental drill 
fitted with a flat cutting disc. During the pro- 
cess of filing, the needle was held firmly by 
attaching it to a small syringe equipped with 
a “Luer-Lok’’ device, and a stylet was inserted 
before making the side holes. 

Needles somewhat similar to those de- 
scribed above have been used previously, 
especially for flushing the allantoic sac," and 
for collecting large amounts of allantoic fluid.® 

rilenle, W., .and Henle, G., Am. J. Med. Sei., 
1944, 207, 717. 

STnvlor, A. E., Sharp, D. G., McLean, I. W., 
Jr., Beard, D., and Beard, J. W., J. Immunol., 
lOd.!, oO, 291. 


Preparatory to inoculation of virus, each 
egg was candled and a mark was made on the 
side of the shell in the vicinity of the embryo, 
directly over an area of chorio-allantoic mem- 
brane where no large blood vessels were seen. 
A hole of about the same size as a cross sec- 
tion of the needle was then drilled through 
the shell at the designated mark. The hole 
used for inoculation of virus, as a rule, was 
used for subsequent aspirations. After inocu- 
lation and after each aspiration the holes were 
sealed with a drop of paraffin-bee’s wax mix- 
ture. Prior to aspiration the eggs were 
candled to determine viability: the wax seals 
were removed with a hot metal spatula and 
the areas about the holes cleansed with alcohol. 
After attachment to a syringe of suitable ca- 
pacity the needle was slowly inserted to the 
hilt and suction applied by withdrawing the 
plunger. At each aspiration e.xactly 0.2 cc of 
allantoic fluid was withdrawn and added to 
0.8 cc of 0.85% NaCl. Serial two-fold dilu- 
tions were then made in saline in 0.5 cc 
amounts. To each tube 0.25 cc of 1% chick- 
en. RBC was added and readings were made 
after the cells had settled out, on standing at 
room temperature for about an hour. The 
end-point was taken as the highest dilution of 
allantoic fluid in which a pattern character- 
istic of complete or -| — | — | — [- agglutination oc- 
curred. The PR8 strain of influenza A virus 
was used exclusively. 

Experimental. Groups of 10 to 20 embrj’'- 
onated hens’ eggs, on the tenth day of incuba- 
tion, were inoculated with influenza viras via 
the allantoic sac. As a rule, the inoculum con- 
sisted of approximately 100 ID-,o in a volume 
of 0.05 cc. The eggs were subsequently incu- 
bated at 37°C. Chilling was not done, and the 
eggs were removed from the incubator only 
for the brief periods of time required for each 
aspiration. When small inocula of virus were 
used, the first aspiration was done at 18 hours 
after inoculation because preliminary exqDeri- 
ments had shown that hemagglutinins usually 
could not be demonstrated before that time. 
Repeated aspirations were then done at arbi- 
trarily chosen intervals as long as the embryos 
surv'ived. 

In Fig. 2 are shown the curves, representing 
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Fio. 2. 

Growtli curves, based on lieraagglutination titers, 
of the PB- 8 strain of influenza virus in individual 
eggs. Besults are those obtained in a single ex- 
periment, in which each of 12 eggs received an 
inoculum of apiiroximately 100 IDjo of virus. 

the serial hemagglutination titers in individual 
eggs, obtained in an experiment in which each 
of a group of 12 eggs received a standard in- 
oculum of about 100 IDjo of virus. While 
some of the curves are quite similar, others 
show obvious differences with respect to time 
of appearance of detectable hemagglutinin, 
slope of curve and maximum titer of hemag- 
glutinin. Moreover, as previously demon- 
strated by Henle'^’® and Hoyle,® several of the 
eggs, especially numbers 2, 4, 6 and 11, show 
step-like increases in the amount of virus. 
The fact that egg number 7 never became posi- 
tive may have been due to failure to inoculate 


it; however, in other similar e.xperinients, an 
occasional egg has showm an even longer lag 
phase, hemagglutinins first making their ap- 
pearance some 90 hours or more after inocu- 
lation. All embryos in this experiment were 
alive 48 hours after inoculation of virus but 
when candled just prior to the 66 hour aspira- 
tion all except number 10 were found to be 
dead. In most similar e.xperiraents a rather 
high mortality has occurred somewhat earlier. 

Cotnment. The method described is technic- 
ally easy; relatively small numbers of eggs are 
required, and the growth curves obtained are 
individual cun’es rather than those based on 
group sampling. • Furthermore, this method 
provides a suitable way of studying the dif- 
ferences between curves in untreated eggs 
and those in eggs treated with various sub- 
stances which inhibit the multiplication of 
influenza virus. However, a high mortality 
rate usuall}’^ occurs and about 50% of the 
eggs die before satisfactorv' growth curves are 
obtained. Mortality varies considerably from 
one e-xperiment to another and apparently de- 
pends upon a number of factors which have 
not been investigated fully. Only a small 
percentage of the eggs become contaminated 
with bacteria. In most instances aspiration 
yields clear allantoic fluid, but occasionally 
bloody fluid or yolk is obtained. A higher 
mortaliW and greater difficulty in aspiration 
are most likely to be encountered with eggs 
which have been incubated for only 10 daj'S 
or less. 

Summary. With the aid of an easily con- 
structed needle a method has been devised for 
obtaining growth curves of influenza virus in 
individual embryonated eggs. 

Received June 14, 1949 . P..S.E.B.Jt-, 1949, <1. 
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17231. Some Effects of Dilution on the Nutritive Value of Dialyzed Plasma 
and Embryo Juice.* 


Philip R. White and Etienne Lasfargues. (Introduced by S. P. Reimann.) 

From ihe Lnnl-mau Eospita} Scscarcli Institute and the Institute for Cancer Research, 

Philadelphia, Pa. 


The classic substratum for tissue cultures, 
developed bj' Harrison,^ Burrows,- and 
Carrel, consists of chick plasma clotted with 
chick embryo juice and witli an overlay of 
embrj’o juice variously diluted. Such a 
plasma clot without embryo juice overlay is 
insufficient to support prolonged tissue 
growth e.vcept when frequently renewed by 
transplanting the cultures to fresh sub- 
stratum. It supplies an ill-defined but far 
from negligible level of nutritional factors. 
In any precise study of cell nutrition, these 
factors must either be clearly defined or, if 
possible, eliminated before the substratum 
can be satisfactorily evaluated as a base line. 
Various attempts have been made to arrive 
at such an evaluable base line. Porter and 
' Hawn'‘ have used clots prepared from purified 
fibrinogen coagulated with thrombin. Both 
these substances are more clearly defined and 
more nearlj'- inert than are plasma and embrjm 
juice, but they are still not completely de- 
fined. Evans and Earle"' have been success- 
ful in developing a procedure for cultivation 
of tissue cultures on sheets of perforated cello- 
phane, W'hich is nutritionally fully inert. This 
is a very satisfactory solution of the nutri- 
tional problem, but such cellophane is not 
easily available to all workers throughout the 
world. Lewis.® VTiite," and others have 

* Aided by a grant from the Anierieaii Cancer 
Society, recommended by the Committee on 
Growth of tlie Xutional EcsearcU Coumil. 

1 lEarrison. R. G., Pnoc. .Soc. E.vp. Biol. .v> 1 ) 
Med., 1907, 4, 140. 

a Burrows, M. T., J. Am. iled. Js.w., 1910, 55, 
2057. 

3 Carrel, A., /. Pxp. Med., 1913. 17, 14. 

^ Porter, K. R., and Hawn, C. v. Z., Proc. Soc. 
E.vp. Biol. .\n-d JIed., 1947 , 05, 309 . 

3 Evairs. V. J., and Enrlo, W. R., J. Xat. Cancer 
Inst., 1947. 8, 103. 

0 Lewis, Warren H., Carnepie In.it. trash.. Con- 
trib. to pmbrpology, 1920 Jg y 

~ White, P. E., Growth, 1947, 10, 231 . 


grown cultures directly on glass. This is 
likewise a full}! satisfactory solution of the 
nutritional problem but the results obtained 
are somewhat unreliable. 

Fischer® has approached the problem from 
quite a different angle by seeking to eliminate 
the nutritional factors from the classic plasma 
clot. He showed that when chick plasma and 
embnm juice, after thorough dialysis against 
a de.vtrose-Ringer’s solution, were used in the 
preparation of clots on which to cultivate 
chick fibroblasts, no growth whatever would 
occur thereon. He concluded that such a 
clot was nutritionally inert and was not at- 
tacked by the tissue enzymes. This being 
true, it could safely be used as an inert sub- 
stratum against which to study the nutritive 
properties of various supernatants. Dialyzed 
plasma and dialyzed embryo juice have been 
rather e.vtensively used in such studies.® 

Fischer states* that implanted tissues grew 
less and disintegrated more quickly on di- 
alyzed plasma than they did in Tyrode’s 
solution alone. If the defect is merely one 
of nutrient deficiency, it is difficult to see 
how Tyrode’s solution could be the less de- 
ficient of the two. The alternative possibility 
e.xists that the defect may be due not merely 
to a low level of nutritive value but to some 
more positive injurious effect. Indeed, 
Fischer himself speaks of “den Eindruck 
einer direcklen toxischen Einwirkung.”® For 
this and other reasons we decided to repeat 
Fischer’s work. Preliminary experiments 
were carried out by somewhat simplified pro- 
cedures, using hanging drop cultures in place 
of Carrel flasks and chick heart fibroblasts in 
place of frontal bone fibroblasts. 

Fischer used an undiluted dialyzed embryo 

•s Pisclicr, A., Acta Phi/siotopica Scandinavica, 
1941. 2, 143. 

nPisclier, A., Astrup, T., Eiirensv.ird, G., .nnd 
Oclciwclilager, V., Proc. Soc. E.vp. Biol, and 
Med., 1948, 07, 40. 
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Fig. 1. Twenty-four hour culture of chick frontal bone fibroblasts on the control medium 
consisting of chick plasma clot with overlay of chick embryo juice diluted 1:9 with Tyrode’s 
solution. The halo of migrating cells is clearly evident. 

Fig. 2. Detail from the above culture showing the compact, uniform growth of finely 
granular cells. 

Fig. 3. Margin of the same culture at the end of 4 days. The cells contain many small fat 
globules and are larger than in Fig. 2, but are in excellent condition. 

Fig. 4. Area from about midw.ay between the original implant and the edge of the flask, 
taken at the end of 10 days. The uniform character of the growth and relatively clear cyto- 
plasm of the cells are evident. 

Fig. 5. Twenty-four hour culture of chick frontal bone fibroblasts on an undiluted dialyzed 
plasma-dialyzed embryo juice clot, with undiluted dialyzed embryo juice overlay. No growth 
lias occurred. 

Fig. 6, 7, 8. Details of the above culture after 24 hours, 4 days, and 10 days. There has 
been no migration or change other than disintegration of the cells within the implanted bit 
of clot. 


Juice in the preparation of both his substra- 
tum and his e.xperimental supernatant.* We 
have obtained our most satisfactory control 
results (undialyzed media) with nutrients in 
which the embrtm Juice* was diluted about 
1 to 9 with Tyrode’s solution. In order that 
our e.\perimental cultures might be more 
nearly comparable with the controls, we 
therefore carried out cultures not only with 
undiluted embryo Juice but with dilutions 
appro.vimating those of our controls. Our 
experiments with undiluted embryo Juice fully 
confirm Fischer’s findings, but, to our sur- 
prise, cultures prepared with diluted dialj'zed 
embryo Juice grew' quite well over the 48-hour 
periods which can be followed in hanging 
drops. This suggested that the undiluted ma- 
terial remaining after dialysis was perhaps 
not deficient, that is, lacking in essential 
nutrient factors, but merelj' defective due to 
unsatisfactorj' concentrations or proportions 
of its constituents. These initial experiments 
were, however, not duplicates of those re- 
ported by Fischer. We therefore carried out 
another series of cultures, repeating as nearly 
as possible Fischer’s second procedure* and 
e.xtending the study to the use of diluted 
media. 

One of us (E.L.) spent a month in the 
summer of 1946 in Fischer’s laboratory in 
Copenhagen and was therefore familiar with 
his methods. In the preparation of plasma 
and in dialysis of both plasma and embryo 
juice we followed Fischer’s procedures ex- 

* Embryo jiiirc was prepared by finely frifurat- 
iug with slmrp seissors witlmut addition of fluid, 
allowing to stand for one-lmlf liour, .and then 
eciitrif lining. 


actly. Twenty-five ml of plasma, from blood 
drawn by heart puncture from a young 
cockerel into a heparinized syringe, w'cre 
transferred to a sterile (autoclaved) cello- 
phane dialysis tube under sterile precautions 
and were dialyzed for 8 days in the refrig- 
erator at about 4°C against l.S liters of 
Ringer’s solution containing 0.1% dextrose. 
The solution was not renew'ed.® Freshly pre- 
pared Juice from 9 day chick embryos w'as 
similarly treated. All dilutions w'ere made 
with Tyrode’s solution without dextrose. • ’ It 
was found that satisfactory clots could not be 
obtained with dilutions higher than one part 
of embryo Juice in two parts of Tyrode’s solu- 
tion. A series was set up with 16 Carrel 
flasks, 4 flasks containing each of the follow- 
ing solutions; 1) control, undiluted plasma 
(0.5 ml) coagulated with 0.5 ml of embri'o 
Juice diluted 1:2, supplied after clotting with 
a supernatant of embryo Juice diluted 1:9; 
2) Fischer’s cultures, consisting of undiluted 
dialyzed plasma (0.5 ml) clotted mth 0.5 ml 
of undiluted dialyzed embryo Juice, and with 
a supernatant of undiluted dialyzed embryo 
Juice; 3) similar to the latter, but with 0.5 ml 
of undiluted dialyzed plasma clotted with 
dialyzed embrj'o Juice diluted with an equal 
part of Tyrode’s solution (0.5 ml), and a 
supernatant of dialyzed embryo Juice likewise 
diluted with an equal part of Tj'rode’s solu- 
tion; and 4) undiluted diali'zed plasma (0.5 
ml) clotted with dialyzed embryo Juice di- 
luted with 2 parts of Tyrode’s solution (0.5 
ml), and a supernatant of dialyzed embryo 
Juice similarly diluted. In each flask was 
placed a single fragment of a rapidly growing 
homogeneous culture of fibroblasts derived 
from the frontal bone of a 14-day chick em- 
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same dilution. The halo of migrating cells is much smaller than in Fig. 1, but is still quite 
evident. 

■ Fio. 10. Detail from the above culture showing the sparse but evident migration of fibro- 
blasts. 

Fig. 11. The same culture as Fig. 10 at the end of 4 days (compare with Fig. 3). The 
zone of migrating cells is fairly wide and quite imiform. The cells themselves are large, larger 
than ill Fig. 3, but are packed with fat globules, man}- of which are ver}’ large. 

Fig. 12. The same culture after 10 days. Outlines of single cells are no longer idsible, dis- 
integration having taken place. 

Fig. 13. Twenty-four hour culture of chick frontal bone fibroblasts on a clot prepared ivith 
dialyzed embryo juice diluted 1:2 with de.\-trose-frec Tjrode’s solution, with overlay of the 
same dilution. The considerable halo' of migrating fibroblasts is evident. 

Fig. 14. Detail from the above culture. The area of growth is both qualitatively and 
quantitatively better than at a 1:1 dilution (Fig. 10). 

Fig. 15. The same culture after 4 d.ays'. -'Growtli is somewhat more compact than at a 1:1 
dilution (Fig. 11) but othenvise not very different. 

Fig. 1C. The same after 10 days. Cells in the original migrating zone (transverse band) 
are fatty but in the gap left between this and the original implant by lysis and contraction of 
the clot, subsequently patched, the new cells have clear-cut outlines' and are hot excessively filled 
with fat. This culture is still very much alive and growing, though very slowly. 


bryo and maintained on the standard chick 
plasma-dilute embryo juice medium through 
four successive passages. Cultures were ex- 
amined and photographed at the end of 48 
hours, 4 days, and 10 days. Nutrient was 
replaced in each of the flasks after 2, 4, 6 and 
8 days. 

Results. The results were clear cut, con- 
sistent both among themselves and with the 
results of previous experiments using hanging 
drop cultures. Growth on the control nu- 
trient was normal and very rapid, so that at 
the end of 10 days the entire bottoms of the 
flasks were covered. The clot had undergone 
lysis around the implant and was patched on 
the 4th day; new growth had covered the 
patch by the 10th day (Fig. 1-4). On the 
undiluted dialyzed plasma dialyzed embryo 
juice medium, in complete agreement with 
Fischer’s results, there had been absolutelj' no 
growth and the cells had undergone histolysis 
(Fig. S-8). On dialyzed plasma containing 
dialyzed embryo juice diluted 1:1, however, 
there had been very considerable growth 
(migration). At 24 hours this reached a 
maximum width of about 0.1 mm. At 4 days 
the band was about 0.8 mm wide, the cells 
were larger than the controls and were packed 
with fat globules. At 10 days they had grown 
no further and were mostly dead and broken 
down (Fig. 9-12). Dialyzed plasma clotted 
with embryo juice diluted 1:2 did not give 
firm uniform clots, although thev were suf- 
ficiently coherent to attach the cu'ltures satis- 
factordj’- and to provide a satisfactory sub- 


stratum on which growth could take place. 
At 24 hours the growth zone was about 0.5 
mm wide, 5 times as great as at 1:1 dilution. 
At 4 days this had about doubled, that is, 
was about the same width as in the 1 : 1 dilu- 
tion. The growth was, however, denser and 
the cells somewhat less fatty. At 10 days, 
some lysis had occurred (patched at 8 days), 
the band was about 2 mm wide, cells had 
grown out into the patched areas, and the cells 
were still alive (Fig. 13-16). 

Discussion. The results agree with those 
of Fischer® in sbondng that an undiluted 
dialyzed plasma-dialyzed embryo juice clot 
with undiluted dialyzed embryo juice overlay 
does not support growth of a homogeneous 
strain of frontal bone fibroblasts and brings 
about rapid breakdown of implanted cells. 
Yet dilution of the overlay with Tjuode’s 
solution lacking dextrose, which is a non- 
nutritive and purely protective solution, re- 
stores the capacity to support at least a 
residual degree of growth, and the degree of 
restoration is, -i^dthin the limits set by the 
clotting capacity of the medium, propor- 
tionate to the degree of dilution. It is evident 
that the failure of the undiluted dialyzed 
material to support growth was not due solely 
to a deficiency, since any deficiency would 
only have been accentuated by dilution. It 
must, therefore, have been due to some posi- 
tive defect. Such positive defects may be 
of two sorts. There may be present a non- 
dialyzable growth inhibitor, either a high 
molecular weight substance or a prosthetic 
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group attached to such a substance, whose 
effects are minimized by dilution. One point 
in Fischer’s data might lend support to the 
idea of such a toxic factor. Fischer reports 
that either egg albumin or insulin, when 
added to dialyzed plasma, will protect cells 
placed thereon from histolytic disintegration. 
He attributes this effect to the nutritive prop- 
erties of the labile S-S and S-H bonds in these 
materials, but both egg albumin and insulin 
are known to be highly active adsorbents 
capable of detoxifying various media. This 
appears to be the effect of serum albumin 
when added to media for the cultivation of 
bacteria^® and may have been a factor in 
Spratt’s experiments^ with explanted early 
chick blastoderms (not tissue cultures). It 
seems quite possible that the beneficial effect 
of egg albumin or insulin when added to 
dialyzed plasma may be of similar origin. 
On the other hand, the defect might be due 
to an imbalance of nutritive materials. The 
plasma and embryo juice were dialyzed 
against a Ringer’s solution containing 0.1% 
dextrose but lacking phosphate. The diluent 
used in preparing media (Tyrode’s solution) 
contained no dextrose but did contain phos- 
phate. The diluent was thus ?:ot in equi- 
librium with the dialyzed materials, and 
would both extract dextrose therefrom and 

10 Davis, B. D., and Dubos, E. J., Fed. Proc., 
1940, 5, 246. 

11 Spratt, X. T., J. Exp. Zool, 1947, 108, 34D. 


add phosphate thereto. If 0.1% dextrose 
was too high a concentration for fibroblast 
growth, the defect would be corrected by 
dilution. Since phosphate is required for 
growth, the defect might be a simple de- 
ficiency as postulated by Fischer, but not 
necessarily a deficiency of organic materials. 
However, Fischer’s evidence, that a suitable 
amino-acid mixture prepared with physiologi- 
cal salt solution rather than Tyrode’s solution 
does, in fact, partially correct the defect of 
dialyzed plasma-embryo juice, shows that 
phosphate was not the critical factor. It 
shows also that the low molecular weight ma- 
terials removed by dialysis, such as the amino 
acids, are of great and at this level critical 
importance. 

All of this evidence, however, still leaves 
unresolved the question of the nature of the 
postulated positive toxic defect in the di- 
alyzed materials. In any case, our observa- 
tions, though limited, suggest that it is unsafe 
to assume that dialyzed plasma or embryo 
juice is truly inert. Until further e.xperl- 
ments have been carried out to clarify the 
effects of dilution on dialyzed extract, we feel 
that these materials should not be used in the 
preparation of substrata on which to test the 
nutritive value of supernatants. We believe 
that bare glass or cellophane are still the only 
reallj' safe bases for such studies. 

Kcceivcd April 19, 1949. P.S.E.B.M., 1949, 71. 
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anemia and megaloblastosis of bone marrow 
has been achieved by administration of diets 
deficient in folic acid (PG.A). Afiller and 
Rhoads* obsen'ed in dogs fed the Goldlierger 


1 Miller, D. K., and Rhoads, C. P., Paor. .Soc. 
Exp. Bioi.. a.vd Med.. 193.1, .'10, •'>40. ’ 
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diet macrocidic anemia with megaioblasts in 
the purple marrow, leucopenia and diarrhea. 
The same authors described later a hypercel- 
lular. megaloblastic marrow in pigs receiving a 
similar diet." Wills and Steward reported an 
experimental macrocytic anemia with megaio- 
blasts in bone marrow in their classical studies 
with monkeys fed purified diets. In the light 
of present knowledge the diets employed in 
the above studies were probably deficient in 
PGA.'**” Subsequent studies in pigs receiving 
PG.‘\-deficient diets supplemented with a folic 
acid antagonist, .x-methyl-PG.'\, and sulfa- 
suxidine provided further evidence of the role 
of folic acid in the maintenance of hematopoi- 
esis. The addition of x-methyl-PGA enhanced 
the development of macrocytic anemia and 
leucopenia which responded rapidly to PG.A 
and its conjugates. The bone marrow of de- 
ficient pigs showed hyperactive erythropoiesis 
with megaloblastosis similar to that seen in 
pernicious anemia of man in relapse.*®-** With 
the synthesis of 4-amino-pteroylglutamic acid 
(4-amino-PG.A)'- an antagonist was provided 
which proved more potent and more rapid in 
inducing signs of folic acid deficiency in mice 

-Miner, D. K., and Rhoads, C. P., J. Clin. 
Invest., 1935, 14, 153. 

3 Wills, L., .and Stewart, A., Brit. J. Bxp. Path., 
1933, 16, 444. 

< Jukes, T. H., .and Stokstad, B. L. R., Physiol, 
Bev., 1948, 28, 51. 

3 Langston, W. C., Darby, W. J., Shukers, C. F., 
and Day, P. L., J. Exp. Med., 1938, 68, 923. 

6 Day, P. L., Langston, W. C., Darby, W. J., 
Wahlin, J. G., and Mims, V., J. Exp. Med., 1940, 
72, 463. 

" Day, P. L., Mims, V.. and Totter, J. R., J. 
Biol. Chem., 1945, 161, 45. 

* Wilson, H. E., Saslow, S., and Doan, C. A., 
J. i«b. Clin. Mcf?., 1946, 31, G31. 

fl Rinehart, J. F., and Greenberg, L. D., Am. J. 
Path.. 1948, 24, TIO. 

*® Cartwright, G. E., Tatting, B., Ashenbrucker, 
H.. and Wintrobe, M. M., Blood, 1949, 4, 301. 

11 Heinle, R. W., Weteii, A. D., and Pritchard, 
J. A., J. Lah. Clin. Med., 1948, 33, 1647. 

1- Sceger, D. R., Smith, J. M., Jr., Holtquist. 
M. E., ,T. Ant. Chem. Soc., 1947, 69, 2567. 

13 Franklin, A. L., .Stokstad, E. L. R., .and 
Jukes, T, H.. Proc. Soc. Esp. Biol, and Mid., 
1948, 67, 39g. 


and rats*®**® than x-methyl-PG.A. In view of 
this finding it was of interest to determine 
whether the administration of 4-amino-PG.A 
to dogs would also elicit signs of PG.-^-de- 
ficiency similar to the syndrome described by 
Miller and Rhoads.* 

Procedure. Seventeen adult, mongrel dogs 
were used (Table I). The antagonist^ was 
prepared for daily use by dissolving with 2 
molar equivalents of XaHCO,- or XaOH to 
achieve a final pH of less than 8.0. Complete 
hematological examination including volumet- 
ric estimations** of blood drawn from the 
jugular vein into heparinized syringes and of 
sternal bone marrow aspirations were carried 
out prior to administration of 4-amino-PGA 
and at inteiwals thereafter. The animals ivere 
anesthetized briefly with 10 to 20 mg/kg 
pentothal sodium, intravenously, to facilitate 
sampling of bone marrow. Blood and marrow 
films were stained in Jenner-Giemsa buffered 
at pH 6.85. .\t autops}" marrow was collected 
from sternum and femur, smeared, and sec- 
tioned. Tissues were taken from all internal 
organs except nervous system, fixed in Vander- 
grift’s, sectioned, and stained with H and E 
and Giemsa. In 10 dogs plasma chloride*® 
and total nitrogen and X'PN in trichloracetic 
acid filtrates using the micro-Kjeldahl pro- 
cedure and blood glucose*” were followed. 
Plasma protein was calculated to be 6.25 
times protein nitrogen. 

Clinical course. In dogs 1 through 9 (Table 
I) receiving single, large doses of 4-amino- 
PG.\ no adverse signs were noted until after 

n Oleson, J. J., Hutcliings, B. L., .and Subli.-irow, 
Y., ,T. Biol. Chem., 1948, 175, 359. 

15 Swendseid, M. E., Wiftle, E. L., Moerseh, G. 
W., Bird, 0. D., and Brown, R. A., Fed. Am. Soc. 
Exp. Biol., Proc., 1948, 7, 299. 

1C Philips, F. S., and Thierseii, J. B., J. Phorm. 
Exp. Therap., 1940, 95, 303. 

t The autliors are indebted to tlie Lederle Lab- 
oratories Division .and the Calco Division of tJie 
American Cyanamid Company for liberal supplies 
of 4-an)ino-PGA. 

IT Wintrobe, M., "ainical Hematology,” 2nd 
ed., Lea and Febigcr, Philadelphia, Pa., 1946. 

IS Van Slyko, D. D., and Hiller, A., J. Biol. 
Chem.. 1947, 167, 107. 

10 Nelson, N., ,T. Biol. Chem., 1944, 153, 375. 
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group attached to such a substance, whose 
effects are minimized by dilution. One point 
in Fischer’s data might lend support to the 
idea of such a toxic factor. Fischer reports 
that either egg albumin or insulin, when 
added to dialyzed plasma, will protect cells 
placed thereon from histolytic disintegration. 
He attributes this effect to the nutritive prop- 
erties of the labile S-S and S-H bonds in these 
materials, but both egg albumin and insulin 
are known to be highly active adsorbents 
capable of detoxifying various media. This 
appears to be the effect of serum albumin 
when added to media for the cultivation of 
bacteria^** and may have been a factor in 
Spratt’s experiments*^ with explanted early 
chick blastoderms (not tissue cultures). It 
seems quite possible that the beneficial effect 
of egg albumin or insulin when added to 
dialyzed plasma may be of similar origin. 
On the other hand, the defect might be due 
to an imbalance of nutritive materials. The 
plasma and embryo juice were dialyzed 
against a Ringer’s solution containing 0.1% 
dextrose but lacking phosphate. The diluent 
used in preparing media (Tyrode’s solution) 
contained no dextrose but did contain phos- 
phate. The diluent was thus not in equi- 
librium with the dialyzed materials, and 
would both extract dextrose therefrom and 

10 Davis, B. D., and Dubos, E. J.. Feet. Proc., 
1946, 5, 246. 

11 Spiatt, X. T., ,1. Exp. Zool., 1947, 108, 34S. 


add phosphate thereto. If 0.1 7o dextrose 
was too high a concentration for fibroblast 
growth, the defect would be corrected by 
dilution. Since phosphate is required for 
growth, the defect might be a simple de- 
ficiency as postulated by Fischer, but not 
necessarily a deficiency of organic materials. 
However, Fischer’s evidence, that a suitable 
amino-acid mixture prepared with physiologi- 
cal salt solution rather than Tyrode’s solution 
does, in fact, partially correct the defect of 
dialyzed plasma-embryo juice, shows that 
phosphate was not the critical factor. It 
shows also that the low molecular weight ma- 
terials removed by dialj'sis, such as the amino 
acids, are of great and at this level critical 
importance. 

All of this evidence, however, still leaves 
unresolved the question of the nature of the 
postulated positive toxic defect in the di- 
alyzed materials. In any case, our observa- 
tions, though limited, suggest that it is unsafe 
to assume that dialyzed plasma or embryo 
juice is truly inert. Until further e.xperi- 
ments have been carried out to clarify the 
effects of dilution on dialyzed extract, we feel 
that these materials should not be used in the 
preparation of substrata on ivhich to test the 
nutritive value of supernatants. We believe 
that bare glass or cellophane are still the only 
really safe bases for such studies. 

Keceivcil -April 19, 1949. P.S.E.B.JI., 1949, 71. 
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anemia and megaloblastosis of bone marrow 
has been achieved by administration of diets 
deficient in folic acid (PG.\). iMiller and 
Rhoads* observed in dogs fed the Goldlierger 
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the first 24 hours ^^■hen the animals refused 
food. Diarrhea began shortlj’ after 48 hours. 
At first yellow fluid, later progressively dark- 
er, bloody, and more copious stools, and 
finally gross blood clots were passed almost 
continuously. Loss of weight, evident by 48 
hours, progressed until time of sacrifice (Table 
I) when all animals were sei'erely weakened 
or in coma and dehydrated in appearance. 
Dog 3 (not shown in Table I) was found dead 
at 72 hours. In dogs 10 through 17 recehnng 
repeated doses of 4-amino-PG.A (Table 1) a 
more prolonged though otherwise similar 
course was observed. Dog 11 (not shown in 
Table I) was found dead at 96 hours after 
receiving 4 daily intramuscular injections of 
0.1 mg/kg. 

Resulls. The increased values of the hema- 
tocrit noted in Table I confirmed the impres- 
sion of terminal dehydration. Consistent 
with this finding was the fact that at time of 
sacrifice plasma chloride was found decreased 
8 to 25 m eq/1 below initial values. Simul- 
taneously plasma protein had increased in 8 
of 10 dogs. The moribund state of animals 
4, 12, and 15 was reflected in elevated plasma 
non-protein nitrogen, i.e., 92, 107, and 84 mg 
%, respectively. Changes in blood glucose 
were not significant. 

Neither anemia nor significant changes in 
eiydhrocyte volume or content of hemoglobin 
were observed in animals at any time during 
the course of into.vication or time of sacrifice. 

Reticulocj-topenia developed in all but dogs 
1 and 8. The peripheral leucocyte count fell 
in all dogs except 14 and 16 which had granu- 
locytosis due to ascending infections from 
damaged intestinal tracts. The respective de- 
creases in polymorphonuclear and lymphoc}'- 
tic ceils may be seen in detail in Table I. 

As noted in aspiration smears and tissue 
sections of sternal and femoral marrow the 
total cellularity of the bone marrow decreased 
involving reduction of both myeloid and eryth- 
roid elements. In dogs receiving single, large 
doses of 4-amino-PG.A depletion of bone mar- 
row could be detected after 24 hours and was 
marked after 48 hours. .After 72 to 96 hours 
only small islands of active hematopoiesis 
could be found in the fatty, fluid marrow. Dif- 
ferential counts of all nucleated cells and sep- 
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in intoxication and fully explains the bloody 
diarrhea which ii'as evident 1 to 2 days prior 
to sacrifice and before hematocrit values were 
significantly elevated in dogs receiving acutely 
lethal doses. Ileitis and colitis in the present 
animals resembled findings in rats in which 
microscopic evidence of intestinal damage 
was detected as early as 6 hours after poison- 
ing -n-ith fatal doses altliough death did not 
ensue for 3 to 4 days.^® The patliology of the 
gut was judged to be more extensive and se- 
vere than the focal ulceration known to occur 
. in dogs dying of shock.-®^- Furthermore, un- 
like the secondary sequellae of local vasocon- 
striction in shocked animals, focal ulceration 
did not occur in duodenum, stomach, or 
esophagus. 

With the exception of dogs 14 and 16 no 
other lesions of significance were detected in 
other internal organs. The exceptional 
animals manifested the effects of ascending in- 
fections of probable origin in their damaged 
intestines. 

Disciissioit. The observations described 
above provide further evidence that 4-amino- 
PGA acts as an antagonist of PG.A and, there- 
by, confirm previous deductions from studies 
in rats and mice.^® The syndrome produced 
in dogs of ileitis and colitis with diarrhea, pe- 
ripheral leucopenia, and depletion of bone 
marrow nith appearance of megaloblasts cor- 
responds to observations of the effects of folic 
acid deficiency in dogs, pigs, and monkeys. 
The diarrhea and changes in hematopoiesis 
resemble sprue in man, a disease responding 
readily to PG.\ therapy (see recent review*). 

A comparison of bone marrow from dogs 
receiving 4-amino-PG.\ irith marrow from 
cases of pernicious anemia in man reveals 
certain features in common. These include in- 
creased numbers of hypersegmented poljmior- 
phonuclears and giant metamyelocytes, meg- 
aloblasts and irregularly shaped nuclear rem- 
nants in erjthrocytes. However, differences 
between the two marrows are apparent. In 

eoBl.-iIoek, A., Arch. Surrr., 1934, 29, S37. 

-1 Klemperer. P., Pemier, A., .and Bernlioim, 
A. I., Am. J. Difiest. Vis., 1940, T, 410. 

Moon. 1 . ir., Shock. Its dyn.amics. occurronce 
Lc.a .and Pcbiger, Philadelphia, 


pernicious anemia bone marrow e.xhibits uni- 
form hj-perplasia of both erythroid and mye- 
loid elements. In the present dogs general 
cellularit}’ was reduced and confined to islands , 
of active marrow. In untreated pernicious 
anemia erythropoiesis is predominantly meg- 
aloblastic whereas in the present animals 
erythropoiesis was a mixture of normoblastic 
and megaloblastic elements thus correspond- 
ing to marrows reported in sprue.-®*-® 

The megaloblasts produced in dogs resem- 
bled those found in pernicious anemia and 
sprue as well as those found in humans treated 
with 4-amino-PGA®® possibly more closeh* 
than the megaloblastic-like cells observed in 
swine receiving either PG.A-deficient diets 
supplemented with .x-methyl folic acid*® or 
injections of 4-amino-PGA.®®'®* From studies 
now available it would appear that megalo- 
blastic response of erythropoiesis to PG.A-de- 
ficiency varies in different species. Megalo- 
blasts have not been observed in mice and 
rats,*®-®-’®* with tlie exception of a single re- 
port.®* 

Siinimory. The administration of 4-amino- 
PGA to dogs produced a sprue-like syndrome 
with diarrhea, peripheral leucopenia, deple- 
tion of bone marrow iritli increased numbers 
of hj'persegmented polymorphonuclears and 
giant metamyelocytes, abnormal nuclear dis- 

esKrjukoff, A., Folia JlncmatoL, 192S, 35, 329. 

24Asliford, B. K.. Am. J. Trap. Med., 1932, 12, 
199, 

e^Makic, F. P., and Fairley, N. H., IiHtioii J. 
Mrd. nes., 1929, 1C, 799. 

20 Castle, W. B., .and Ehoads, C. P., Arch. Int. 
Med., 1933, 56, 627. 

2T Hot?., H. W., and Bohr, K., Frp. Inn. Med. «. 
Kindbedl-., 193S, 54, 174. 

eSBodriguoz, M,, Puerto Itico J. Fuh. Health 
Trap. Med., 1939, 15, S9. 

29 Thiersch, J. B., Cancer, 1949, 2. 

SO Cartwright, G. E., and Wintrobe, It. M., per- 
sonal eoinpuinication. 

31 Thiersch, ,1. B., and Pliilips, F. S., unpub- 
lished observations. 

S2Endicott, K. M., Daft. F. S., and Ott, M., 
Arch. Path.. 1945, 40, 364. 

33 Weir, D. R., Heinle, R. W., and Welch, A. D., 
Pkoc. Soc. Exp. Bion. .vxd Med., 1948, 69, 211. 

31 Franklin. A. L., Stokstad, E. L. R., Belt, M., 
and .Tiikcs, T. H., .7. Viol. Client., 1947, 169, 427. 
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Fig. 1. 

Bone marrow aspiration of dog T four days 
after 10 mg/kg of 4-ainino-PGA, intravenously. 
Two megaloOlasts, a nuclear “explosion,” and a 
normoblast with nuclear remnant are included in 
field. 

arate differential counts of nucleated erythroid 
cells ars listed in Table I. 

Lesions in myeloid tissues. Peripheral gran- 
locytopenia was associated with depletion of 
metamyelocytes and neutrophils in bone mar- 
row. However, myelocytes and myeloblasts 
were uniformly present often maintaining their 
initial relative proportions in spite of general 
depletion of myelopoiesis. Only dogs 14 and 
16 evidenced active myeloid regeneration. In 
some cases nests of eosinophils were found 
in depleted marrows similar to previous find- 
ings in rats^®-r-an observation still unex- 
plained. Of additional interest was the ap- 
pearance of giant metamyelocytes, not pres- 
ent prior to administration of 4-amino-PG.^, 
and an increased proportion of hyperseg- 
mentedi neutrophils. 

Thrombocytoblasts decreased in numbers 
with general marrow depletion but w^ere not 
specifically affected. 

Lesions in erythroid tissues. Within 24 to 
48 hours after large single doses numerous ma- 
ture normoblasts were seen to be in patholog- 
ical mitosis with disintegration of nuclei, 
chromosomal segregation, and chromatin ex- 
pulsion into the cytoplasm often simulating nu- 
clear explosions. This process resulted in 
increased numbers of erythrocytes with nu- 
clear remnants (Fig. 1). During the same 
period many of the remaining normoblasts 
and erythroblasts underwent a change in nu- 
clear pattern. The naturally lumpy chroma- 
tin was transformed into a distinct network. 
In the more primitive erythroid elements with 
basophilic cytoplasm a purple parachromafin 
appeared consistent with the structure of 


megaloblasts. Later even henioglobinized 
cells with parachromatin were obsen-ed. After 
48 to 72 hours the proportion of normoblasts 
was much reduced. In dog 6, for e.xample, 
at this stage, 44% of nucleated erythroid ele- 
ments in femoral marrow showed nuclear para- 
chromatin and 32%, nuclear remnants. Later 
with continued depletion primitive stem and 
sinus endothelial cells become prominent in 
smears and sections' (dogs 6 and S). 

In dogs 10 through 17 megaloblasts were 
obsen'ed in only 3 cases. However, depletion 
of hematopoiesis was extreme in all dogs re- 
ceiving repeated injections and megaloblasts 
might have been present at some stage of in- 
toxication when marrow samples were not 
taken. The lesions found in dogs 10 through 
17 were othenrise identical to those described 
above. 

Lymphoid tissues of spleen, mesenteric 
nodes, and intestinal tract appeared to be re- 
duced in quantity but no pyknosis or necrosis 
was seen. By comparison to depleted bone 
marrows lymphoid tissues were relatively un- 
affected. 

Lesions oj the digestive tract were con- 
fined to jejunum, ileum, and colon. In all 
animals at autopsy marked edema and swell- 
ing of the mucosa w'as found throughout small 
and large intestines. Villi w'ere thickened and 
blunted by capillary dilatation near the tips. 
The cytoplasm of superficial epithelial cells 
rvas enlarged. In almost the entire colon and 
ileum epithelium had desquamated leading to 
denudation of villi and superficial ulceration. 
In glands and crypts there was evidence of 
cytoplasmic enlargement and desquamation 
of epithelium with abnormal regeneration of 
cells containing irregular nuclei and cyto- 
plasm. Lumina of the deeper glands were 
frequently filled ivith plugs consisting of des- 
quamated epithelium and leucocytes. The 
villi appeared to be matted together resulting 
from loss of superficial portions and infiltra- 
tion with leucocytes and fibroblasts below 
ulcerated areas. 

The widespread involvement and necrosis 
can in large part be attributed to a primary' 
action of 4-amino-PG.\ on intestinal mucosa. 
Intestinal damage probably developed early 
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TABLE I. 

Jfort.'ilit}' ;itid Growlli Nates of Rats Reeeivinji 


Stti’iiilcment 


** 

Inositol, 

»'g/R 

y-BllC, 

leg/g 

Xo. ruts 

c; imiil.'ility 

firowf Ii, 
g/wk 
(avg) 



— 

24 

0 

28.0 

0.5 

— 

12 

0 

20.0 

2.0 

— 

S 

0 

28.0 

0 

o.s 

12 

75 

11,0 

0.5 

o.s 

24 

03 

17.1 

2.0 

o.s 

IS 

72 

18.2 

0 

0.4 

10 

0 

2(i.O 

0.5 

0.4 

OO 

;i(! 

27.4 

2,0 

0.4 

24 

s 

28.2 


TABLE II. 



Mortality uud Growtli R;itos 

of Liftormato Ruts 

Roooiving y-BlIC. 


Group 

Sn]<iilcniont 

Xo. vats 

‘/'r wovtality 


Growth rate, 
ggaiii/wk 

r 

Inositol, 

«'g/g 

y-BHC, 

>"g/g 

1 

O 

Avg 

4 wks 

1 

— 

— 

*>»> 

0 

24.3 

20.0 

30.1 


0.5 

— 


0 

2,5.0 

27.0 

;to.i 

3 

2,0 

— 

22 

0 

24.8 

30.0 

20.8 

4 

4.0 

— 

v>%» 

0 

20.0 

20.S 

31.3 

.5 

— 

n.4 

oo 

14 

10.0 

27.0 

25.4 

r> 

0.5 

il4 


14 

14.1 

20 .8 

27.0 

7 

2.0 

0.4 


18 

11.0 

20.4 

2T.1 

8 

4.0 

0.4 


30 

15.2 

20.7 

28.7 


ide, 0.4; fat-soluble vitamin mixture,!! 2.0; 
lard, 8.0; sucrose, 67.3%. 

Supplements of y-BHC were dissolved in 
melted lard, while inositol was added at the 
e.\pense of sucrose. Four week feeding 
periods were studied throughout. Results of 
preliminary experiments are presented in 
Table I, 

Control animals on the siiboptiwal (15%) 
protein levels gained weight at a rate of 26.6- 
28.9 g per week. Since the animals receiving 
no dietary inositol grew as well as those re- 
ceiving adequate quantities of inositol, it may 
be stated that with these rations this strain 

? B-ComiiU'X wixturo: Tii vtnitottK'iiate, .S.O; 
iiiaoin.-inrKtf, 2.5; ji.ir.i-.'imiiioiii'nzoic .^(•id, 1.0; 
rilinflavm, 1.0; liyiidoxinc' • IICl, 0..S; tliiaiiiiiu' • 
IIC), 0.5; biotin, 0.1; “Eotvito,”' 0 . 0 .'); and 
siuToso, 080.35 g. 

i Pat-soliiWe vit.nniiu ini.xtiiro; Poaiiiit oil, 
lOa.O; a-mnnj)licro! .leet.tte, 5.0 g. Forty g of tins 
solution IS addl'd to cod liver oil, '2,0 ; eorn oil 
(iU.izol.a ) , 1,17.5 ; 2-ntetliyl-l ,4-iiaplitboqinnono, 

0..1 g . 


of rat requires no dietary inositol. The pres- 
ence of y-BHC in these diets led to markedly 
diminished growth rates and significant mor- 
tality rates, particularly during the first two 
weeks. .Addition of inositol seemed to be 
without effect. No alopecia, spectacled eye, 
or other possible signs of ino.sitol deficiency 
were observed in animals maintained on 
inosifol-free diets for c.vpcn'mcntaJ periods up 
to 8 weeks. 

The sequence of events following the ad- 
ministration of sufficient y-BHC is striking; 
within 24-48 hours the temperament of the 
animals alters from docility to ferocity; they 
react explosively to tactile stimuli, leaping, 
squealing, and biting as if in pain rvhen 
touched lightly on tlic back. They seem to 
be less sensitive to auditory stimuli, but, 
superficially, the picture resembles somewhat 
that seen in magnesium deficiency.'' Gen- 
eralized tonic-clonic convulsions are frequent, 

KKnisiy 11. l)., Omil, E. }?., .'i,,,] JfK'oiiuub 
E. V., Jlinl. Chriii., 1<)32, 1)0, .510. 
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integration of normoblasts, change of nuclear 
pattern in erythroid elements and megalo- 
Blasts. Doses given were lethal and animals 
succumbed with anorexia, weight loss, dehy- 
dration, and hemorrhagic diarrhea following 


severe ileitis and ulcerative colitis. It is sug- 
gested that the syndrome results from antag- 
onism of folic acid. 

Ecceivert 11, 1949. 


i^233^ Chronic Toxicity of Gamma Isomer of Hexachlorocyclohexane in 
the Albino Rat. 

E. A. Doisy, Jr., and Bernadette C. Bocklage. (Introduced by S. A. Thayer.) 

From the Departments of Internal Medicine and Biological Chcmistrij, St. Lonis Dniversilg 

School of Medicine. 


Included in the report by Slade^ on the 
discovery of the potent insecticide, “Gam- 
mexane,” the gamma isomer of benzene hexa- 
chloride (y-BHC)* were investigations of the 
acute and chronic- toxicity of the drug in 
laboratory rats. His report indicates that the 
gamma isomer is much more toxic than the 
a, /S, or 0 isomers on oral administration, but, 
when mixed with the diet, levels of y-BHC 
up to 30 mg per rat per day had no effect 
over a S week period. Other acute experiments 
have demonstrated by oral, subcutaneous and 
intravenous administration, the toxicity of 
y-BHC,-’® while Laug^ reported that the 
gamma isomer was non-toxic when fed in the 
diet at 20, ,500, and 1000 p.p.m. for periods 
up to 114 days. 

Other workers have been interested in the 
anti-inositol properties of the gamma isomer, 
since it was reported to resemble the structure 
of inositol.* Their results indicate that the 
inhibitory effect of y-BHC is reversed by 

1 Slade, B. E., C/ieyii. hid., 1S43, «■*, 314. 

’ The term, gamma benzene he.\acliloride, has 
been approved by the Committee on Insectieide 
Xomenelature ns the accepted name for the gamma 
isomer of he.vachlorocyclohexane (Science, 1949, 
100 , 330). 

••t Cameron, G. E., and Burgess, F., Insecticide 
Development Panel Report (44), 1944, 131. 

3 McNamara, B. P., and Krop, S., J. Pliarm. 
Exp. Thcrap.. 1948, 02, 140. 

■•Daug, E. P., d. Pharm. Exp. Therap., J9JS, 
03 , 277 , 

.".Kirkwood, B., and Phillips, P. II., J. Biol. 
CUem., 1940, 103 , 2.11. 


inositol in the growth of a microorganism,” 
in the a-amylase enzyme system of the pan- 
creas,® and in the growing onion root.'* 

A study of transmethylation and lipotropic 
agents stimulated in this laboratory by the 
work of Griffith indicated that it might be of 
interest to examine the anti-inositol and toxic 
properties of the gamma isomer in the rat, 
possibly to make available another method 
of studying inositol metabolism in the intact 
animal. 

Weanling male rats of the St. Louis Uni- 
versity strain, 21-24 days old, weighing 44-49 
g, were housed in screen cages and allowed 
food and water ad libitum. The animals were 
weighed twice weekly. The diet to which 
supplements of y-BHC and inositol were 
added was as follows; Casein, IS.O; I-cystine, 
0.3; salts 3.4, i 2.0; salts 3B,t 2.0; celliiration, 
2.0; B-complex mixture, 5 1.0; choline chlor- 

®Lane, E. B., .uid Willmms, E. ,1., Arch. 
Biochem., 1948, 10, 329. 

vChargaff, E., Stcirnrt, E. X., .iiid .Ifjigjisjmik, 
B., Science, 1948, 108, 53G. 

t Tbc salt .Did vitamin mixtures were devised 
and fliorotigjily tested by Dr. WemM! 11. (Jriflitli. 
Since tbc compositions of these supplements have 
not been publisiied, tbc authors wish to e.vjircss 
their fhanlcs to Dr. Griffith for his permission to 
present tlicm here. .Salts 3A : Cu.SO.|, 0.3 ; CoSOj • 

7 H..O, 0.1; Zn.SOj-7 HoO, 0.9; MnSOj • 4 IKO, 
4 . 0 ;' K2 AIo(S04).-,-24 IhO, 0.07; XaF, 0.0.1; 
Ferric cEratc, 24.38; GiCOs, 100; Ca citrate, 18.1; 
MgCO.i, 45.0; K 0 HPO 4 . 140 g. 

{ S-alts 3E: tvl, 0.8; X'aCl, 10.9.2; K-dlPO^, 
100; CallPOj, 230 g. 
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by Bijvoet^* which appeared after our experi- 
ments were well imder.-way, indicates lack of 
similarity in spatial configuration between 
inositol and v-BHC. Thus, if this dissimilar- 
ity in structure is confirmed, the counteraction 
of y-BHC by inositol, previously reported 
may not be the result of specific structural 
antagonism. 

The mechanism of action of -y-BHC is still 
obscure; after the demonstration by Lane 
and Williams® that inositol is a constituent of 
a-amylase, the activity of which is inhibited 
by the gamma isomer, the possibility that 
hj-poglycemia might be involved in the eti- 
ology of the convulsions was entertained. 
Blood sugar levels were determined in a lim- 
ited series of control and -y-BHC-treated ani- 

IV McXamnra, B. P., and Krop, S,, J. Pliarm. 
Exp. Tlicrnp., 194S, 92, 147, 

HBijvoot, J. M., Ecc. Trav. Chim., 1948, 07, 
777. 


mals and were found within the normal range, 
even shortly before and after a convulsion. 

Gross and microscopic examinations of ani- 
mals dying after the administration of y-BHC 
were performed by Drs. Vincente hloragues 
and Henry Pinkerton of the Department of 
Pathology at this institution. No significant 
pathology was noted. The authors wish to 
extend their thanks to them. 

Conclusion. Gamma benzene hexa- 
chloride, mixed with highly purified rations, 
is toxic to the weanling and adult albino rat. 
The addition of inositol does not alleviate 
the toxic sjTOptomatology of y-BHC. 

IVe wish to thank Jlr. Jerome Martin of Com- 
mercial Solvents Corporation for his generous gift 
of y-BIIC, the melting point of wliicU was 112- 
113°C (uncoiT.), sliglitly higher than the tnelting 
points of 4 other samples from various sources. 

Received June 13, 1949? pi.E.B.M,, 1949, 71. 


17234. Insulin Stimulation of Glycogen Formation in Rat Abdominal 
Muscle.* 


Grant R. Bartlett and Eaton hi. MacKay. 
From The Scripps Mclaholic Clinic, Lu .TolUi, Calif. 


GemmilP first demonstrated that insulin 
stimulated glycogen deposition from glucose in 
isolated rat diaphragm. Subsequent study' 
with this tissue has disclosed the followdng im- 
portant points. Low potassium- and high 
glucose* concentrations favor glycogen sjm- 
thesis. The insulin effect can be demonstrated 
in diaphragm from either adrenalectomized 
or hypophyseclomized® rats and so apparently 
is independent of the action of hormones from 

* This investigation was supported by a research 
grant from the Division of Grants and Fellowships 
of the Nntion.al Institutes of Health, F. S. Public 
Health Service. 

1 Gemmill, C. H., Tiiill, Johns Fophins JIosp., 
1940, 00, 2.S2; 1941, 08, 329. 

S Stadie, W. C., and Zapp, J. A., Jr., J. Shi. 
Chem.. 1947, 370, 33, 

•'‘Pcrlmuttcr, 31., and Creep, R. 0., J. Biol. 
Chcin., 194S, 374, 915. 


these sources. Desoxycorticosterone, corti- 
costerone and some related substances give re- 
duced glycogen levels when incubated with 
diaphragm muscle, the effect appearing to be 
of a glycogenolytic nature and separate from 
the glycogenic response to insulin.'* 

We have recently examined glucose metab- 
olism in the rat diaphragm with the help of 
radioactive C*"* glucose.® An increase in the 
radioactivity of the glycogen in the presence of 
insulin closely proportionate to the increased 
glycogen content by analysis provided addi- 
tional evidence that glucose was the direct pre- 
cursor of the glycogen rather than a stimulant 
of glycogenesis from other sources. Insulin pro- 

■> Verz.ir, F., .-ind Weniicr, V., Biochem. J., 1948, 
42, .35, 48. 

•-.Bartlett, G. R., Wick, A. N,. and MacK.ay, 
E. M., J. Bwl. Chem., 1949, 178, 1003. 
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accompanied by hyperpnea and later by 
hypopnea and exhaustion (some aspects of 
this syndrome were observed in acute toxicity 
experiments with Some animals 

_ having 2 or more convulsions during the first 
week have subsequently recovered completely. 
Of weanling animals failing to survive, death 
occurred from the second to tenth experi- 
mental days. 

Additional experiments examined the toxic 
effects of levels of dietary y-BHC at 0.6 and 
0.2 mg per gram of food. The higher level 
was lethal to a large proportion of animals, 
while the lower level was non-toxic and with- 
out effect on growth rates. Thus the optimal 
level of y-BHC for study was selected at 0.4 
mg/g of food; in a similar experiment litter 
mate controls were used throughout the 
groups. Growth rates and mortality data are 
presented in Table II. 

The data again demonstrate that this strain 
of rat does not require supplemental inositol 
under these experimental conditions. The ad- 
dition of 0.4 mg of y-BHC to the diets re- 
duced growth rates markedly during the first 
week, but during the succeeding 3 weeks, 
growth rates of surviving animals receiving 
y-BHC compared favorably with those of the 
controls, indicating the development of tol- 
erance. The addition of increasing amounts 
of inositol seemed to combat slightly the 
growth depressant effect of y-BHC (group 5 
compared with groups 6, 7 and 8), but bad 
also the effect of increasing mortality. The 
latter may have been due to a slight increase 
in food consumption during the first week 
with a slightly greater intake of y-BHC in 
those animals receiving higher levels of inosi- 
tol. (The first week the controls averaged 
7.2 g of food per rat per day, while the food 
intakes of the animals receiving y-BHC were: 
group 5, 4.9; group 6, 5.1; group 7, 5.1: and 
group 8, 5.3 g of food per rat per day.) 

In other experiments the effect of 0.8 mg 
y-BHC per gram of food was tested in wean- 
ling rats fed a stock laboratory ration, i.c., 
ground Purina lab chow, to ascertain if the 
type of diet influenced the reaction to the 
drug. The young animals e.xhibited hjper- 
irritability, hyperactivity, convulsions, re- 
tarded growth, and a mortality of 2Sfc. Adult 


rats raised on chow, when placed on the basal 
ratioii=plus=y-BHe--at-the :0.8 mg level, lost 
10% of their body weight over 10-14 days; 
in the succeeding two weeks they returned to 
their starting weights and continued a slow 
gain. Irritability and infrequent convulsions 
without mortality resulted. 

Animals raised on the highly purified ration 
(inositol-free) to body weights of 200-300 
grams, showed typical symptomatology with 
a mortality of 50% when the gamma isomer 
was added to the ration at the level of 0.8 
mg per g of food. These animals obtained 
3.4-4. 1 mg of y-BHC per rat per day while 
the -weanling rats dying (Table II) received 
between 1.8-3. 1 mg. (Adult rats dying ate 
188 mg/kg over a 10-day average survival 
time, while weanling rats consumed 200 
mg/kg body -iveight over a 4-day average 
survival period.) 

These results are not in accord with those 
of Slade^ and Laug* whose experimental diets 
were not reported; Slade reported y-BHC 
to be non-toxic when mixed with tlie diet in 
amounts up to 30 mg per rat per day, while 
calculation of the data presented by Laug 
reveals no toxic effects with dosages 'up to 
20 mg per day. Recently Fitzhugh c/ o/S 
reported that the gamma isomer, when mixed 
with the diet, is toxic at the level of 0.8 mg 
per gram of food. 

The authors wish to point out that stress 
was placed upon the rats used in these e.xperi- 
ments by suboptimal dietarj^ protein levels 
in an effort to enhance the action of y-BHC. 
Further, animals raised on stock rations tol- 
erated diets containing y-BHC much better 
than those raised on experimental diets. These 
discrepancies may in part be due to the higher 
nutritive value of normal stock rations, as 
compared with highly purified rations. 

A possible e.vplanation of the failure of 
inositol to reverse the chronic toxic effects of 
y-BHC ma 3 ' be the absence of a demonstrable 
inositol deficiency in our experiments using 
rats. A similar failure to demonstrate protec- 
tion b 3 - massive doses of inositol in acute 
toxicit 3 ' studies in rabbits has been reported 
bv MdSawara and Krop.''* A recent report 

O. 0.. .\. A., and Iloil.ind. 

O. I... rr,l. rwc.. 10-10. 8, 201. 
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by Bijvoet” which appeared after our experi- 
ments were _wel! under-way, indicates lack of 
similarity in spatial configuration between 
inositol and -/-BHC. Thus, if this dissimilar- 
ity in structure is confirmed, the counteraction 
of -/-BHC by inositol, previously reported/’*-" 
may not be the result of specific structural 
antagonism. 

The mechanism of action of y-BHC is still 
obscure; after the demonstration by Lane 
and Williams* that inositol is a constituent of 
a-amylase, the activity of which is inhibited 
by the gamma isomer, the possibilitj’ that 
hjpoglycemia might be involved in the eti- 
ology of the convulsions was entertained. 
Blood sugar levels were determined in a lim- 
ited series of control and -/-BHC-treated ani- 

ic ilcXamnr.'i, B. P., and Krop, S., J. Fharm. 
Exp. Therap., 194S, »2, 147. 

UBijvoet, J. M., Jtec. Trar. Chim., 1948, G7, 
777. 


mals and were found within the normal range, 
even shorth’- before and after a commlsion. 

Gross and microscopic examinations of ani- 
mals dying after the administration of -/-BHC 
were performed by Drs. Vincente ^loragues 
and Henry Pinkerton of the Department of 
Pathology at this institution. No significant 
pathology was noted. The authors msh to 
extend their thanks to them. 

Conclusion. Gamma benzene hexa- 
chloride, mixed •nnth highly purified rations, 
is toxic to the weanling and adult albino rat. 
The addition of inositol does not alleviate 
the toxic s\Tnptomato]ogy of y-BHC. 

tVe wish to thank Mr. Jerome Martin of Com- 
mercial Solvents Corporation for liis generous gift 
of 7 -BHC, the melting point of which was 112- 
IIS'^C (uncorr.), slightly higher than the melting 
points of 4 other samples from various sources. 

Received June 13, 194^ P.S.E.B.M., 1949, 71. 


17234. Insulin Stimulation of Glycogen Formation in Rat Abdominal 
Muscle.'^ 


Grant R. Bartlett and Eaton M. MacKay. 
From The Scripps Metabolic Clinic, La .Jolla, Calif. 


GemmilP first demonstrated that insulin 
stimulated glycogen deposition from glucose in 
isolated rat diaphragm. Subsequent study 
with this tissue has disclosed the following im- 
portant points. Low potassium- and high 
glucose*^ concentrations favor glycogen 5301- 
thesis. The insulin effect can be demonstrated 
in diaphragm from either adrenalectomized 
or hvpophv'sectomized* rats and so apparent^ 
is independent of the action of hormones from 

* This investigatiou was supported by a research 
grant from the Division of Grants and Fellowships 
of the National Institutes of Hc.ilth. I'. S. Public 
Health .Service. 

1 Genmiill, C. L., Lull. Johns Uopl.'ins Hasp., 
1940, CO. 232 ; 1941, C8. 329. 

2Stadie, W. C., and Zapp, J. A., Jr., J. Biol. 
Chcm.. 1947, 170, 55. 

sPerlmntter, M., and Greep, R. O., J. Biol. 
Chcm., 194S, 174, 915. 


these sources. Deso.xiworticosterone, corti- 
costerone and some related substances give re- 
duced glyxogen levels when incubated with 
diaphragm muscle, the effect appearing to be 
of a gh'cogenolytic nature and separate from 
the gl3xogenic response to insulin.'* 

We have recently examined glucose metab- 
olism in the rat diaphragm with the help of 
radioactive €*■* glucose." An increase in the 
radioactivity' of the gly-cogen in the presence of 
insulin closely proportionate to the increased 
glycogen content by' analysis pronded addi- 
tional evidence that glucose was the direct pre- 
cursor of the glycogen rather than a stimulant 
of glycogenesis from other sources. Insulin pro- 

■I Vcrzar, F., and 'Wenncr, V., Biochcm. J., 194S, 
42. 35, 48. 

•’ B.’irflett, G. R., tVick, A. N., and MacKay, 
E. M., J. Biol. Chcm., 1949, 178, 1003. 
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accompanied by hyperpnea and later by 
hypopnea and exhaustion (some aspects of 
this syndrome were observed in acute toxicity 
experiments with y-BHC-'®). Some animals 
having 2 or more convulsions during the first 
week have subsequently recovered completely. 
Of weanling animals failing to survive, death 
occurred from the second to tenth experi- 
mental days. 

Additional experiments examined the toxic 
effects of levels of dietary y-BHC at 0.6 and 
0.2 mg per gram of food. The higher level 
was lethal to a large proportion of animals, 
while the lower level was non-toxic and with- 
out effect on growth rates. Thus the optimal 
level of y-BHC for study was selected at 0.4 
mg/g of food; in a similar experiment litter 
mate controls were used throughout the 
groups. Growth rates and mortality data are 
presented in Table II. 

The data again demonstrate that this strain 
of rat does not require supplemental inositol 
under these experimental conditions. The ad- 
dition of 0.4 mg of y-BHC to the diets re- 
duced growth rates markedly during the first 
week, but during the succeeding 3 weeks, 
growth rates of surviving animals receiving 
y-BHC compared favorably with those of the 
controls, indicating the development of tol- 
erance. The addition of increasing amounts 
of inositol seemed to combat slightly the 
growth depressant effect of y-BHC (group 5 
compared with groups 6, 7 and 8), but had 
also the effect of increasing mortality. The 
latter may have been due to a slight increase 
in food consumption during the first week 
with a slightly greater intake of y-BHC in 
those animals receiving higher levels of inosi- 
tol. (The first week the controls averaged 
7.2 g of food per rat per day, while the food 
intakes of the animals receiving y-BHC were: 
group 5, 4.9; group 6, S.l; group 7, 5.1; and 
group 8, 5.3 g of food per rat per day.) 

In other experiments the effect of 0.8 mg 
y-BHC per gram of food was tested in wean- 
ling rats fed a stock laboratory ration, i.c., 
ground Purina lab chow, to ascertain if the 
type of diet influenced the reaction to the 
drug. The young animals exhibited hyper- 
irritability, hyperactivity, convulsions, re- 
tarded growth, and a mortality of 2Sfc. -Adult 


fats raised on chow, when placed on the basal 
ration=plus=y-BH&tit--the . 0.8 -mg -level, lost 

10% of their body weight over 10-14 days; 
in the succeeding two weeks the 3 ' returned to 
their starting weights and continued a slow 
gain. Irritability and infrequent convulsions 
without mortality resulted. 

Animals raised on the highly purified ration 
(inositol-free) to body weights of 200-300 
grams, showed typical symptomatology with 
a mortality of 50% when the gamma isomer 
was added to the ration at the level of O.S 
tng per g of food. These animals obtained 
3.4-4.1 mg of y-BHC per rat per day while 
the weanling rats dying (Table II) received 
between 1.8-3. 1 mg. (Adult rats dying ate 
188 mg/kg over a 10-day average survir'al 
time, while weanling rats consumed 200 
mg/kg body weight over a 4-day average 
survival period.) 

These results are not in accord with those 
of Slade* and Laug^ whose experimental diets 
were not reported; Slade reported y-BHC 
to be non-toxic when mixed with the diet in 
amounts up to 30 mg per rat per day, while 
calculation of the data presented bj' Laug 
reveals no toxic effects with dosages ’up to 
20 mg per day. Recentty Fitzhugh ct al? 
reported that the gamma isomer, when mi.xed 
with the diet, is to.xic at the level of O.S mg 
per gram of food. 

The authors wish to point out that stress 
was placed upon the rats used in these experi- 
ments by suboptimal dietarj' protein levels 
in an effort to enhance the action of -/-BHC. 
Further, animals raised on stock rations tol- 
erated diets containing -/-BHC much better 
than those raised on experimental diets. These 
discrepancies may in part be due to the higher 
nutritive value of normal stock rations, as 
compared with highly purified rations. 

A possible e.xplanation of the failure of 
inositol to reverse the chronic toxic effects of 
y-BHC may be the absence of a demonstrable 
inositol deficiency in our experiments using 
rats. -A similar failure to demonstrate protec- 
tion by massive doses of inositol in acute 
fo.xicitv studies in rabbits has been reported 
bv McNamara and Krop."** .A recent report 

iTi^zIiugli.^. G., Nolsuii, .\. anil nollanil, 

O. H.. 
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method.^ iOO - 120 g lemale albino rats 
were used and that portion of each internal 
oblique muscle which could be separated as a 
thin layer m'thout appreciable trauma n-as 
placed intact in the incubating flask. MTien 
the muscle was cut into a series of thin strips, 
little or no glycogen synthesis took place. 

The results reported here are evidence that 
insulin-glycogenesis stimulation in vitro is not 
peculiar to diaphragm muscle. Xew material is 
available for further investigation of the ac- 
tion of insulin and other factors controlling 

II Good. C. A., Kramer, H.. and it-; 

•r. r.iol. CJifiii., 193?., 100, 4S5, 


glycogen formation and utilization. 

Summary. If used in thin sheets with a- 
minimum of tissue injury isolated skeletal 
muscle in the form of the internal oblique 
muscle of the rat forms more glycogen under 
the influence of insulin just as does the speci- 
alized muscle comprising the diaphragm. 
Desoxycorticosterone reduces the amount of 
glycogen formed by incubation with glucose 
alone as in the case of diaphragm muscle. 
Skeletal ’muscle offers new material for fur- 
ther investigation of the action of insulin. 

Received .June 1, 1949. P.SI.E.B.M.. 1949, 71. 


17235. Normal and Seizure Levels of Lactate, Pyruvate and Acid-Soluble 
Phosphates in the Cerebellum and Cerebrum.*^ 

James .A>. Bain and George H. Pollock. (Introduced by Warren S. rilcCulloch.) 

From (fic DcjKirtmcutR o/ Pliarmocoioi?!) and Ffiichtatry, Cnivcruitii of Illinois, College of 

.IfcrJictiic, Chicago, III. 


Seizures induced by various means have 
been shown to result in an increase in lactic 
acid, pyruvic acid and inorganic phosphorus 
and a decrease in high energx' phosphate levels 
in the cerebral cortex*-- or whole brain" of 
various experimental animals. There is little 
data on the several parts of the brain. .As 
reported previously it is possible to show that 
seizures induced by low doses of nitrogen 
mustards start first in the cerebellum; further, 
the convulsive acthdty of these compounds 
is potentiated by inhalation of carbon 
dioxide.* Inhalation of carbon dio.xide tends 
to prevent the changes in lactic acid and 
phosphate attendant upon seizures." -As a 
sequel to the above studies, seizures were 

* .tided in part by grants from tlic RnckefcUer 
tfnindation and the Miller Epilepsy Fund. 

1 Klein, .1. R., and Olsen, N. S.. .7. Biol. Chem., 
1947. 107, 747. 

-•.Stone, W. E., Webster, .1. E., and Gurdjian, 
E. S'., .7. X(uropln;>iioI., 194.3, 8, 233. 

"I.ePaRc, G. A.. .Ini. ,7. Fhy.cwl., 194G. 140, 2G7. 

I Pollock, G. n., and Bain, .7. A„ in preparation. 

•'■Bain, .T. and Klein. .7. R., Avi. -T. Physiol., 
Slept., 1949, 158. 


induced in a series of cats using representative 
nitrogen mustards and various other con- 
vulsants, the brains were frozen in situ and 
the cerebrum and cerebellum then analyzed 
separately for lactic acid, pjTuvic acid, inor- 
ganic phosphorus, and high energy phosphates. 

Experimental. Preparation of the animals, 
methods of EEG and EKG recording, pro- 
cedure of freezing with liquid air and methods 
of analysis have been reported in detail in 
previous papers from this laboratort'.*--’’ Seiz- 
ures were induced by intravenous injections 
of the compounds indicated in Table 1. 
Cerebral and cerebellar cortex were easily 
dissected from the frozen brains with a small 
chisel and mallet. During the dissection 
frequent applications of liquid air were used 
to maintain the tissue in a frozen state. 

Results. The data are summarized in 
Table I. In normal brains frozen without 
seizures the levels of the constituents deter- 
mined were very- similar in both cerebellum 
and cerebrum and compared well with those 
previously reported*-" e.xcept that the phospho- 
creatine levels were somewhat low. In brains 
frozen during seizures, however, marked dif- 
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Glycogen Formation in Abdominal Muscle 


T table I. 

_EiU-ct of Insulin nnd Desoxycorticoslerone on Glycogon in Tsolatca Bat Abflomin al ilusele. 

Jfg of glycogen per 100 nig (wet wt) nuiscic 


Ineuliiited 2 hr at 3S° under Oo 


Exj). 

Days fasted 

Initial 

value 

^ - 

IVitliout 

glucose 

Glucose 

Glucose -f 
insulin 

Glucose 

DOC 

1 

0 

.12 

.10 

.29 

.50 

.IG 

2 

0 

.16 

.19 

.35 

.54 

.30 

3 

' 0 

22 

.13 

.33 

.42 

.IS 

4 

0 

.39 


.52 

.62 

5 

0 

22 

.21 

.37 

..59 

.30 

G 

0 

.28 

.16 

.40 

.50 

Oo 

7 

1 

.21 

.14 

.29 

.52 

.21 

8 

1 

.15 

.16 

.32 

.38 

.17 

9 

1 

.24 

.15 

.44 

.65 

.‘24 

10 

2 

.12 

.16 

.30 

.48 

.IG 

11 

2 

.21 

.14 

.32 

.45 

.20 

12 

3 

.25 

.10 

.26 

.44 

.23 

Avg 


.21 

.16 

.35 

.51 

.23 


duced a small but significant increase in the 
radioactive COa, hence an acceleration of the 
combustion of the sugar. Desoxy corticosterone 
and corticosterone antagonized glycogen for- 
mation without appreciably influencing glu- 
cose utilization or respiration values and with- 
out increasing radioactive carbon dioxide. 

The use of insulin in general with isolated 
tissue slice, mince or extracts, has proved dis- 
couraging. Few verifiable effects of any mag- 
nitude have been published other than the rat 
diaphragm work. There has been considera- 
ble interest in ithe reports from Cori’s labora- 
tory suggesting that insulin can release some 
sort of combined pituitary-adrenal cortical in- 
hibition of hexokinase,®-'' the enzyme responsi- 
ble for the first step in the utilization of glu- 
cose; and unified hypotheses covering the 
hexokinase action have been offered to explain 
insulin action in vivo.^ Unfortunately the 
he-xokinase experiments have been ambiguous 
and difficult to repeat and there appears to be 
some doubt as to whether even one of the 
points of action of insulin is a hexokinase in- 
hibitor)' release.®'*® 

c Colowick, S. P., Oori, G. T., and Slcin, M. W., 

/. Siol. Chem., 1047, 108, 5S.S. 

r Pi'icn, W. H., Cori, C. P.. and Colowic-R, S. P., 

J. Biol. Chem., 1045, ICO, G33. 

s Stetton, D., Jr., J.A.^[.A., 194G, 132, 37.1. 
9BroIi-KaIm, R., and Mir-sky, I. A., Scieare, 
1047, IOC, 148. 


Diaphragm muscle is an important tissue 
but a specialized muscle with a limited resting 
period and undergoing continuous rhythmic 
contractions throughout life. On e.xploring the 
possibility of using tissue other than the 
diaphragm for insulin effects, we have general- 
ly found 'that chopped, shredded or teased 
muscle loses its ability to sjmthesize glycogen 
from glucose. However, we have been able to 
dissect the internal oblique abdominal muscle 
of the rat with a minimuni of tearing and find 
that this muscle in vitro will give considerable 
glycogen synthesis from added glucose and 
also a further large increase of gl)’cogen in the 
presence of very small amounts of insulin. As 
in the case of the diaphragm less glycogen is 
found in the presence of deso.xycorticosterone. 
Results of experiments with this tissue are re- 
corded in Table I. 400 - 500 mg wet weight 
of abdominal muscle was incubated in 3.0 ml 
of pH 7.4 Ringer phosphate with or without 
0.2 molar glucose, 0.1 unit per ml of insulin 
and 10 /jg per ml of desoxycorticosterone. 1 
Flasks were shaken for 2 hours in an o.vygen 
atmosphere. Glycogen was assayed by the 
usual alkali digestion-alcohol precipitation 

joStadie, 4V. fk, nnd llnuRnnid, N.. .1. Jlml. 
Chevi; 1949, 177, .311. 

t Pure Zu insulin w.ns oLt.'iincd tliroiiRli Gw 
courtesv of Dr. Edwin E. Il.-iy.s of Armour ;ind Co.. 
and dpsoxyfortico.steronc from Dr. Edward llon- 
derson of the .^clicrinp Cori>. 
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method." 100 - 120 g female albino rats 
■were used and that portion of each internal 
oblique muscle which could be separated as a 
thin layer without appreciable trauma was 
placed intact in the incubating flask, ^^'hen 
the muscle was cut into a series of thin strips, 
little or no glycogen synthesis took place. 

The results reported here are evidence that 
insulin-glycogenesis stimulation iti vitro is not 
peculiar to diaphragm muscle. New material is 
available for further investigation of the ac- 
tion of insulin and other factors controlling 

II Good, C. A., Kramer, II., .'ind Soniogyi, M., 
J. Jliol. Chem., l')3,S, 100, 4S5. 


glj'cogen formation and utilization. 

Summary. If used in thin sheets with a- 
minimum of tissue injury isolated skeletal 
muscle in the form of the internal oblique 
muscle of the rat forms more glycogen under 
the influence of insulin just as does the speci- 
alized muscle comprising the diaphragm. 
Desoxycorticosterone reduces the amount of 
glycogen formed bj’^ incubation with glucose 
alone as in the case of diaphragm muscle. 
Skeletal ’muscle offers new material for fur- 
ther investigation of the action of insulin. 

Received June 1, IfllO. P.S.E.B.!M., 1B49, 71. 


17235. Normal and Seizure Levels of Lactate, Pyruvate and Acid-Soluble 
Phosphates in the Cerebellum and Cerebrum.’^ 

James k. Bain and George H. Pollock. (Introduced by Warren S. McCulloch.) 
From the Dcpartviciit-^i of Fharmacnlogy one? Fsychiairy, Vnivcr.':ity of JUitiois, College of 

Mcdieine, Chieago, III. 


Seizures induced by various means have 
been shown to result in an increase in lactic 
acid, pyruvic acid and inorganic phosphorus 
and a decrease in high energy phosphate levels 
in the cerebral cortex''- or whole brain-'* of 
various experimental animals. There is little 
data on the several parts of the brain. .\s 
reported previously it is possible to show that 
seizures induced by low doses of nitrogen 
mustards start first in the cerebellum ; further, 
the convulsive activiW of these compounds 
is potentiated by inhalation of carbon 
dioxide.-* Inhalation of carbon dioxide tends 
to prevent the changes in lactic acid and 
phosphate attendant upon seizures.** As a 
sequel to the above studies, seizures were 

* Aided in part by grants from tlic Rockefeller 
Foundation and the Miller Epilepsy Fund. 

I Klein, .1. R., and Olsen, N. S., J. Biol. Chem., 
1947, 1«7, 747. 

- Stone, W. E., Webster, .T. E., .and Gurdjian, 
E. S., .7. A>iiropIi;;siol., 1945, 8, 233. 

4LeFage, G. A., Am. J. Physiol., 194G, 140, 207. 

■* Pollock, G. II., and Bain, ,1. .\., in preparation. 

C'Bain, J. A., and Klein, ,1. R., Am. J. Physiol., 
Gept., 1949. 1.78. 


induced in a series of cats using representative 
nitrogen mustards and various other con- 
vulsants, the brains were frozen in situ and 
the cerebrum and cerebellum then analyzed 
separateW for lactic acid, pyruvic acid, inor- 
ganic phosphorus, and high energji phosphates. 

Experimental. Preparation of the animals, 
methods of EEG and EKG recording, pro- 
cedure of freezing with liquid air and methods 
of analj’sis have been reported in detail in 
previous papers from this laboratory.'-"’ Seiz- 
ures were induced by intravenous injections 
of the compounds indicated in Table I. 
Cerebral and cerebellar cortex were easily 
dissected from the frozen brains with a small 
chisel and mallet. During the dissection 
frequent applications of liquid air were used 
to maintain the tissue in a frozen state. 

Results. The data are summarized in 
Table I. In normal brains frozen without 
seizures the levels of the constituents deter- 
mined were very similar in both cerebellum 
and cerebrum and compared well with those 
previously reported'-"’ except that the phospho- 
creatine levels were somewhat low. In brains 
frozen during seizures, however, marked dif- 
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M 1 j c • . table I. 

Normal and Seizure Levels of Lactate, Pyruvate and Acid-Soluble Pl.ospl.ates in tlic Cerebellum and 
Cerebrum. 


Lactate* 
Cbt Os 

Pvruvate 
Ob Cx 

Inorg. P 
Cb Cx 

Plioapbo- 
creatine 
Cb Cx 

Adenosine 
Tri-PO^ 
Cb Cx 

1 Adenosine 
Di-PO^ 
Cb Cx 

Ecmarks 






Controls. 



1.37 

1.36 

.069 .077 

6.72 5.11 

1.58 1.49 

0.81 0.48 

2.50 2.70 


1.50 

1.40 

.120 .136 

4.70 4.93 

2.10 1.93 

1.30 0.90 

1.85 2.0G 


1.43 

1.38 

.095 .106 

5.71 5.02 

1.84 1.72 

1.0C 0.G9 

2.20 2.38 

Avg 





.Nitrogen Mustards.} 


1.80 

4.30 

.177 .213 

4.17 4.24 

2.10 1.20 

0.39 1.69 

3,15 1.32 

C..H-N(G,HjCl)o 

3.48 

5.80 

.193 .208 

3.84 3.G0 

2.28 1.91 

1.43 0.85 

1.82 2.51 

H„C— CHNTCofi^CCo 

1.66 

5.64 

.134 .208 

4.56 4.20 

2.29 1.92 

1.13 2,25 

2.19 1.00 

Cjil ,CH«N { 0.11 . Cl) o " 

1.18 

2.76 



4.08 4.56 

2.77 1.69 

1.71 1.49 

1.73 1.57 

OC4H,NO,HjCJ 

3.45 

4.08 

.277 — 

5.19 3.58 

1.38 2.30 

1.58 1.46 

1.97 1.60 

C.HnN(CoH.Cl)o 

1.86 

2.10 

.132 .146 

5.94 4.56 

3.08 2.10 

1.59 0.79 

2.00 2.10 


3.82 

7.00 

.250 .280 

3.72 3.48 

3.13 2.03 

— 1.36 

3.15 1.77 

( C2H4CI) nNCn^OHoN (aHiCI) , 

2.46 

4.62 

.194 .227 

4.50 4.03 

2.43 1.89 

1.30 1.41 

2.30 1.70 

Avg 






Metrazol 



1.37 

2.42 

.087 .100 

5.18 4.83 

2.52 1.30 

0.38 0.52 

3.48 2.73 


1.50 

2.00 

.104 .110 

4.97 4.08 

1.87 1.20 

0.53 0.71 

2.84 2.35 


1.43 

2.54 

.095 .105 

5.07 4.53 

2.19 1.35 

0.45 0.62 

3.10 2.54 

Avg 





Aminophyllinc. 


2.76 

9.72 

.110 .143 

5.88 0.54 

1.52 0.42 

0.42 0.58 

3.00 2,90 

10' convulsion 

1.56 

6.00 

.154 .293 

(8.21 

5.88) 

0.75 1.10 

3.11 2.18 

13' ” 

4.34 

4.08 

.120 .150 

5.90 5.64 

0.82 0.42 

0.11 0.40 

3.02 2.70 

S' ” 

3.96 

9.72 

.112 .106 

5.94 0.74 

0.60 0.08 

0.33 0.50 

2.90 2.74 

4' ” 

3.10 

7.40 

.127 .175 

0.48 0.20 

0.99 0.31 

0.40 0.06 

3.01 2.04 

Avg 






Various. 



2.04 

3.5i 

.240 .130 

4.92 3.96 

2.0.5 1.81 

1.42 2.28 

2.19 0.97 

Castorixll 

1.02 

3.48 

.126 .164 

(0.48 

5.62)5 

1.62 1.52 

1.85 1.78 

Dibenamine 

2.68 

4.50 

.188 .254 

(6.72 

5.30) 

1.16. 1.64 

2.24 1.42 

Br. Camphor 

5.74 

0.04 

.259 ,339 

(6.12 

5.02) 



— — 

Coramiue 

2.74 

3.00 

.164 .206 

(7.10 

5.18) 

1.44 1.10 

2.18 1.74 

Rtrycirainc 

2.20 

4.08 

.113 .ISO 

3.90 4,14 

2.40 2.22 

0.92 0.80 

1.86 2.30 

Electric .shock 


^ All values mJI/1000 g (wet wt). 

l“Cb” and “C.v” designate cerebellar and cerebral cortex, rcBjicetivcly. 
i Obtained tbrougb tbe courtesy of the University of Chicago Toxicity Laboratory. 

^ Pairs of figures enclosed in parentheses aro the sura of inorganic pliosphate and phospiiocrcatiae 
for cerebellum and cerebrum, respectively. 


II 2-Chloro d-diracthyl l,G-methyl pyrimidine. 

ferences were found. The lactic acid level 
rose only about half as much and the phospho- 
creatine level was appreciably higher in the 
cerebellum as compared to the cerebrum. 
There were no systematic differences discern- 
ible in the inorganic phosphorus and ATP- 
ADP levels; however, this may be due to the 
fact that many of the seizures were poten- 
tiated with carbon dio.vide* a procedure which 
tends to minimize changes in the assayed con- 
stituents during seizures." These results ob- 


tained despite the fact that seizure activity 
was as violent in the cerebellum as in the 
cerebrum as judged from the EEC recordings. 

Discussion. The results reported above 
point to a quantitative if not qualitative dif- 
ference in the metabolism of the ccrebellutn 
and the cerebrum under the stress of seizures. 
It is not surprising that this should be so 
since there are marked histological differences 
between the two parts. Furthermore, the 
various parts of the central nervous system 
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have been shown to differ in their sensitivitj' 
to cyanide,® their carbonic anhydrase activ- 
ity," their cholinesterase activity,® and many 
other particulars. 

Sunurtary. Lactic acid, pyruvic acid, inor- 
ganic phosphorus, phosphocreatine, and ATP- 
ADP were determined in liquid air fixed 

cVVard, A. A., .uid 'WtiMtJey, 31. P., J. Xeuro- 
path. anil Exp. XcuroJ., 19-17, 6, 292. 

T Ashby, IV., J. Siol Chcm., 1941, 153, 235. 

s Augustinsson, K. B., Acta Fhysiotogica Scan- 
clinavica, 194S, 15, suppl. 52, S. 


brains of normal and convulsed cats. In 
normal brains the levels in cerebellum and 
cerebrum were approximate!}' the same. In 
convulsed brains, however, the lactic acid 
increases were much smaller and phospbo- 
creatine levels were higher in cerebellum than 
in cerebrum despite the fact that seizure 
activity was approximately of equal intensity 
in both parts. 

The authors wish to thank Miss Euth Hurwifr 
for valuable technical assistance. 

Beceived May 31, 1919. P.S.E.B.M., 1949, 71. 


17236. Lactate, Pyruvate, and Acid-Soluble Phosphates in Monkey Brains 
Treated with Carbon Dioxide and Electric Shock.* 


James A. Bain, George H. Pollock, and S. X. Stein. 

(Introduced by Warren S. McCulloch.) 

From the Oepartmcnts of Pharvtacotogy and Psychiatry, University of Illinois, College of 

Medicine, Chicago, 111. 


There now exists in the literature a con- 
siderable body of data regarding the effect of 
seizures upon the lactate, pyruvate, and acid- 
soluble phosphate levels in the brains of dogs,^ 
rats,- and cats-'*'^'^ under various conditions. 
It seemed, therefore, desirable to extend these 
analyses to animals higher in the phylogenetic 
scale, including man. As a step toward this 
end, a limited series of monkeys has been 
studied in the normal state, treated with 
carbon dioxide,^ electric shock, and electric 
shock plus carbon dioxide.® 

Methods and Results. Treatment of the 
animals, brain wave recordings, and analysis 
of the liquid air fixed brains were carried out 
as described in previous reports from this 

* .iVidetl ill part by grants from tbe Miller Epi- 
lepsy Fund and the Kockefcller Foundation. 

1 Stone, tv. E., Webster, J. E., .and Gurdjian, 
E. S., .1. Xcnrophysiol., 1945, 8, 233. 

2 LePage, G. A., Am. .7. Physiol., 1946, 140, 207. 

a Klein, J. E., and Olsen, K. A., J. Biol. Chcm., 

1947, 107, 747, 

Bain, J. A., and Klein, J. R., Am. d. Physiol., 
Sept., 1949, 158. 

I' Bain, J. A., and Pollock, G, H., in preparation. 

fi Stein, S. K., and Pollock, G. H., Pnoc, Soc. 
Exp. Biol, and Med,, 1949, 70, 290. 


laboratory.®-® The results are summarized in 
Table I. Comparison with the data on other 
animals show's that the levels of all constitu- 
ents assayed are of the same magnitude in 
monkeys as in dogs, cats, and rats and the 
changes brought about by seizures and carbon 
dioxide inhalation are in the e.xpected direc- 
tion. 

Discussion. The results reported show' that 
it is probably justifiable to extend conclusions 
drawn from data on experimental animals to 
man, as far as the brain constituents here 
assayed are concerned, since it seems unlikely 
that there would be a sharp change betw'een 
man and monke}’’ when monkey does not 
differ from other mammals. 

Another point w'hich is clearly demonstrated 
by a comparison of animals 3 and 4 is that 
the rise in lactate, pyruvate, and inorganic 
phosphate elicited by seizures is the result 
of the hi'peractivity of the brain and not of 
the stimulus which initiates said hyperactivity. 
There is an indication in the data that the 
directly driven response to the stimulus alone, 
without seizures, may cause a fall in phospho- 
creatine (animal 4) and possible adenosine 
triphosphate; but in the case of the latter 
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X’ , ^ ^ TABLE I. 

formal and Seizure Levels of Lactate, Pyruvate and Acid-Soluble Phosphates in the Cerebellum and 


Lactate* 
Cbt Ox 

Pyruvate 
Cb Cx 

Inorg. P 
Cb Cx 

Pbospbo- 
creatiiic 
Cb Cx 

Adenosine 
Tri-POj 
Cb Cx 

1 Adenosine 
Di-P 04 
Cb Cx 

Eemarks 






Controls. 


1-37 

1.36 

.069 .077 

6.72 5.11 

1.58 1.49 

0.81 0.48 

2.56 2.70 


1.50 

1.40 

.120 .136 

4.70 4.93 

2.10 1.95 

1.30 0.90 

1.85 9.06 


1.43 

1.38 

.095 .100 

5.71 5.02 

1.84 1.72 

1.06 0.69 

2.20 2.3S 

Avg 





•Nitrogen Mnstards.t 


1.80 

4.30 

.177 .213 

4.17 4.24 

2.10 1.20 

0.39 1.69 

3.15 1.32 

C-sH7N(aUl4Cl)o 

3.48 

5.8(i 

.193 .268 

3.84 3.60 

2.28 1.91 

1.43 0.85 

1.82 2.51 

HoC~ CHN(aH4Cl)o 

1.6G 

5.64 

.134 .208 

4.56 4.20 

2.29 1.92 

1.13 2.25 

2.19 1.00 

CcH2CH,N(a>H4Cl)o ■ 

1.18 

2,76 



4.08 4.56 

2.77 1.69 

1.71 1.49 

1.73 1.57 

OG4HsNCoH4Ci 

6.45 

4.08 

.277 — 

5.19 3.58 

1.38 2.30 

1.58 1.46 

1.97 1.60 

C4HaN(CoH4C))-, 

1.86 

2.10 

.132 .146 

5.94 4.56 

3.08 2.16 

1.59 0.79 

2.00 2.10 

CaH7N(a;H4Cl):i 

3.82 

7.60 

.250 .280 

3.72 3.48 

3.13 2.03 

— 1.36 

3.15 1.77 

(CaH4Ct)2NOH2Cn2N(CjH4C!)o 

2.46 

4.62 

.194 .227 

4,50 4.03 

2.43 1.89 

1.30 1.41 

2.30 1.70 

Avg 






!>Ietrazol. 



1.37 

2.42 

.087 .100 

0.18 4.83 

2.52 1.50 

0.38 0.52 

3.48 2.73 


1.50 

2.66 

.104 .110 

4.97 4.68 

1.87 1.20 

0.53 0.71 

2.84 2.35 


1.43 

2.54 

.095 .105 

5.07 4.53 

2.19 1.35 

0.45 0.62 

3.16 2.54 

Avg 





AmiDopliylline. 


2.76 

9.72 

.110 .145 

5.88 6.54 

1.52 0.42 

0.42 0.58 

8,00 2.96 

16' convulsion 

1.56 

6.06 

.154 .293 

(8,21 

5.88) 

0.75 1.10 

3.11 2.18 

13' " 

4.34 

4.08 

.126 .156 

5.90 5.64 

0.82 0.42 

0.11 0.40 

3.02 2.70 

S' " 

3.36 

9.72 

.112 .100 

5.94 6.74 

0.00 0.08 

0.33 0.56 

2.90 2.74 

4' " 

3.16 

7.40 

.127 .175 

C.48 6.20 

0.99 0.31 

0.40 0.66 

3.01 2.64 

Avg 






Various. 



2.64 

3.ol 

.240 .130 

4.92 3.96 

2.05 1.81 

1.42 2.28 

2.19 0.97 

Castorix'l 

1.62 

3.48 

.126 .164 

(6.48 

5.62)$ 

1.62 1.52 

1.85 1.78 

Dibenaniiue 

2.68 

4.50 

.188 .254 

(6.72 

5.36) 

1.16 . 1.64 

2.24 1.42 

Br. Camphor 

5.74 

6.04 

,259 .33.9 

(6.12 

5.02) 





Coramine 

2.74 

3.60 

.164 .206 

(7.10 

5.18) 

1.44 1.16 

2.18 1.74 

vStrj’chninc 

2.20 

4.08 

.115 .156 

3.90 4.14 

2.40 2.22 

0.92 0.80 

1.86 2.30 

Electric shock 


* All values nilI/1000 g (wet wt). 

t“C!b” and “Cx” designate cerebellar and cerebral eortes, respectively. 
t Obtained through the courtesy of the University of Chicago Toxicity Lahoratory. 

$ Pairs of figures enclosed in parentheses are the sum of inorganic phosphate and phosphocrcatine 
for cerebellum and cerebrum, respectively. 

II 2-Chloro d-dimethyl 1,6-methyl pyrimidine. 


ferences were found. The lactic acid level 
rose only about half as much and the phospho- 
creatine level was appreciably higher in the 
cerebellum as compared to the cerebrum. 
There were no systematic differences discern- 
ible in the inorganic phosphorus and ATP- 
ADP levels; however, this may be due to the 
fact that many of the seizures were poten- 
tiated with carbon dioxide^ a procedure which 
tends to minimize changes in the assat'ed con- 
stituents during seizures.® These results ob- 


tained despite the fact that seizure activity 
was as violent in the cerebellum as in the 
cerebrum as judged from the EEG recordings. 

Discussion. The results reported above 
point to a quantitative if not qualitative dif- 
ference in the metabolism of the cerebellum 
and the cerebrum under the stress of seizures. 
It is not surprising that this should be so 
since there are marked histological differences 
between the two parts. Furthermore, the 
various parts of the central nervous system 
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feeding has been shown to increase the inci- 
dence of death following roentgen irradiation 
in mice,® experiments were carried out to de- 
termine whether or not a cold environment 
would produce the same effect, 

Male mice of N.I.H. stock were received 
at weaning, divided into treatment groups in 
which each litter was represented as equally 
as possible, and placed on a diet of Purina 
pellets. Three weeks later they were irradi- 
ated in groups of 10 made up of approid- 
mately equal numbers from each treatment 
group. The e.xperiments were terminated 4 
weeli after irradiation, 98.7% of the ob- 
served deaths having occurred between 4 days 
and 3 weeks. 

From one experiment to another we have 
been unable to duplicate mortality for a given 
radiation dose, due possibly to genetic hetero- 
geneity of the stock, possibly to fluctuations 
in X-ray output. Within an experiment these 
variations should have been largely neutral- 
ized by the equal distribution of litters and 
treatments into radiation groups. Only rela- 
tive mortality figures are comparable between 
experiments, and only balanced experiments 
can be summed. 

Irradiation factors were: 170 Kv, 20 ma, 
added filtration 0.55 mm of aluminum and 
0.25 mm of copper, focal distance 50 cm, and 
dose rate 56 r to 64 r per minute. Total 
doses were 500 r in the first experiments, 470 
r in the last 2 experiments. Cold and hot 
rooms, thermostatically controlled, were 
maintained between the limits 9 to 11°C and 
29 to 30°C. The 30“ temperature was chosen 
because, according to Harrington,"’ heat pro- 
duction is minimal at an environmental tem- 
perature of 30° to 33“C. 

Paraffin sections of formalin-fixed tissues 
were stained with azure eosinate.® Frozen 
sections were stained for fat with oil red 0 
by the method of Lillie and Ashburn.*® With 
this method little or no fat is extracted from 

« Blount, H. C,, .Ir., .oiul Smitli, W. W.. Sricncc, 
1949, 109, S3. 

SLUUo, B. D., Histoiiathologic Toctmio. 1949, 
Bl.ukistoii Co., Philaftclphj.i, P.u, 

10 Lillie, E. D., and Asliburn, L. L., Jrcli. Path.. 
1943, 3C, 432. 


the tissue by the staining solution. 

In the first 6 experiments a total of 200 
mice kept at 30° and 256 at 10°, irradiated 
with 500 r, were caged together in groups of 
10 on sawdust. At each temperature approx-i- 
mately half of the mice were acclimatized for 
2 weeks prior to irradiation and half were 
placed at the temperature immediately after 
irradiation, where they remained throughout 
the observation period. In the 30° enxnron- 
ment 46% of those acclimatized died compared 
with 63% of those not acclimatized. At 10°, 
52% of those acclimatized died compared with 
71% of those not acclimatized. The 7.- values 
of the totals do not indicate significant dif- 
ferences between the temperature groups (2.7 
for acclimatized and 1.8 for non-acclimatized 
mice). .Acclimatization at either temperature 
favored survival y.- = 5.4 for 30°, 8.3 for 
10°). The results of the individual experi- 
ments were very erratic, however, and thus af- 
ford little confidence in the 7 ,- values of the 
totals. 

In this group of experiments survivors at 
either temperature gained weight during the 
last 2 weeks of observation. Leucocyte counts 
made on the first and fourth daj’s after 
irradiation showed no difference attributable 
to temperature. Of the non-irradiated con- 
trols kept at these temperatures 2 out of 79 
at 10° and 1 out of 50 at 30° died from 
undetermined causes, while the others made 
satisfactory gains in weight. 

Histopathologic changes in the bone mar- 
row, spleen, lymph nodes, thxTnus, and testis 
were essentially similar to those recorded in 
the literature.*^ often varied markedly 
among mice receiving the same treatment, and 
the severity of the changes did not consistent- 
ly favor any one treatment group. 

In the last 3 experiments the mice were 
caged singly in suspended mesh cages without 
sawdust from the time of irradiation (Table 
I). Ten non-irradiated controls so caged in 
the 10° environment survived the obserx-ation 
period of 4 weeks without apparent ill ef- 

11 Breeder, G., Endicott, K. It., Gump, H., and 
Brawnpr, H. P., Blond, 1948, S, 1259. 

i-’Uenshaw. P. S., J. Xnt. Cancer Jnxt.. 1944 
•i, 4S5. 
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TABM I. 

Lactnte, Pyruv.'itc. and Acid-Soluble Piiospli.itcs in itonkc}- Brain. 


Pliospho- Adenosine Adenosine 

Animal Lactate Pyruvate Inorg. P creatine Tri-P 04 Bi-PO^ 

JTo. Cb* Gx Cb Cs Ob Cx Cb Cx Cb Cx Cb Cx Trealinciit 


1 

i.esf 

1.80 

0.171 

0.157 

3.65 

3.93 

1.70 

1.33 

1.40 

1.6S 

1.74 

1.27 

Control 

o 

1.44 

1.41 

0.078 

0.083 

4.20 

4.71 

1.27 

1.15 

1.51 

1.43 

1.76 

1.91 

S0<7o CO-x, 7091 0^ 
for 3 mill. 

3 

5.22 

5.40 

0.2G.3 

0.2C9 

(>..32 

5.67 

0.47 

1.12 

1.14 

1.18 

1.73 

3.65 

10 sec. electric 
shock 

55 sec. .seizure 

4 

1.74 

1.95 

0.1G.3 

0.3CS 

4.44 

4.62 

0.62 

0.54 

1.09 

1.34 

1.33 

1.11 

30% COo, 70% 0.. 
for 3 min. 


10 sec. electric 
shock 

.W see. lag perind 
Xn seizure 


* “Cb” and “Cx” designate ccrcbcliar and cerebral cortex, respectively, 
f All vtilucs e.xpressed as mlil/lOOO g (wet rvt) tissue. 


compound, the changes are too small, consid- 
ering the precision of the methods of analysis, 
to allow conclusions to be drawn without 
more extensive studies on a larger series of 
animals. Such a study on monkeys is, at 
present, beyond our means. 

Summary. The brains of normal monkeys 
and those treated with carbon dioxide and 


electric shock were fixed with liquid air and 
analysed for lactate, pyruvate, and acid- 
soluble phosphates. The levels of these con- 
stituents and their change under the above 
conditions were shown to be of the same 
magnitude and in the same direction as those 
found in similarly treated dogs, cats, and rats. 

Received iriiTll. Iftia. P.S.K.B.Jr., I'M.'), 71 . 


17237. Effect of Environmental Temperature on the Response of Mice to 
Whole-Body Roentgen Radiation. 


Willie W. Smith, Benjaihn J. Highman, J. R. Mitchell, and Henry C. 

Blount, Jr. 

From fhc Lahoratorp of Flnjuical Fiolomi <tn<J Labonttorn of 

Experimental ’Biology anil Medicine InslUutc, Xaiional InsUtvtrs of ra t, > . 


A low environmental temperature for frogs 
and new-born rats is accompanied by de- 
creased body temperature and oxidative me- 
tabolism, and relatively low radiosensitivi- 
tjrA-® In the mouse, when the temperature 

'Tp.att, hT-U, .Swift, At. K., .md Tyree, E. B., 
Fed. Proc.. 1948, 7, 90. 

"Patt n. At., Swift, M. AL, and Tyree, t. B., 
Atay-AuS., A- At. Erues, Editor, 


AEC0 2024, 57. 

- a Evans, T. C., Goodricb, 
j, C., Pnoc. Soc, Exr. Bioc 


■T. P., and Slaughter, 
. AKO AtEU., 1941, 47, 


434 . 


regulating mechanism is functioning normal- 
ly, a cold environment produces only a slight 
depression of body temperature, and oxygen 
consumption is elevated.'-'- This increase in 
oxidative metabolism has been attributed to 
increased thyroid activity.”-' Since thyroid 

I/., -Im, .7. Physud.. 394S. l.VJ, J97. 
.tH.-.rri..gt«n, L. P., .-!«<- J- 1940, JLt), 

Hurst, V., and Turner. C. W., .!«>• -L Phy.dfd., 

1047, 4450, r>S0. _ _ 

-pemp.sey, R. M’.. and Astwond, h. I!., l.ndoc- 

rittology. 194.3, .‘Kl. ■'09. 
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cold environment is to lower the resistance of ISIice kept in a 30 environment that die 
mice to the lethal action of X-rays. following irradiation - frequently show fatty 

Subjection to a 10° or 30°C environment changes in the liver, 
for 2 weeks prior to irradiation favors sur- os, 1949. P.S.E.B.M., 1949, 71. 

vival of irradiated mice maintained in those 
environments. 


17238. Effect of Nitrocompounds on Viruses of the Psittacosis-Lympho- 
granuloma Group. 

Monroe D. Eaton, Chi-to Huang,* and Charlotte G. Lev^enson. 

From ilie Department of Bacteriology and Immunology, Harvard Medical School, Boston, Mass. 


Because of the obsen'ation that nitro- 
acridines showed a marked inhibition of 
agents of the psittacosis-lymphogranuloma 
group^'- while chloro-substituted and certain 
other acridines were ineffective,^ it seemed 
desirable to investigate the activity of nitro- 
compounds other than acridines. Substances 
containing a benzene or furan ring were se- 
lected for investigation because certain struc- 
tural features in nitroacridine are also pres- 
ent in the latter, simpler compounds. While 
these studies were in progress other publica- 
tions have described activity of two com- 
pounds containing a nitro-phenyl group 
against viruses of the psittacosis group or 
rickettsiae. One of these is chloramphenicol 
(Chloromycetin)®'* and the other a nitro an- 
alogue of D.D.T., 1,1, l-trichloro-2, 2-bis 
(para-nitrophenyl) ethane which was found 
to show some effectiveness against murine 
tj^phus in mice.® 

Material and methods. The source of the 
strains of the viruses of lymphogranuloma 

* Fellow of tlie American Bureau for Medical 
Aid to Cliina, Inc. 

I Eaton, 111. D., vanAlleri, A., and 'Weiuei, A., 
Pkoo. Soc. Exp. Biol. .\kd Med., 1947, 6C, 141. 

- Hurst, E. W., Brit. J. Pharm. and Chemo- 
thcrap., 194S, 3, ISl. 

3SmadeI, J. E., and Jackson, E. B., Science, 
1947, IOC, 418. 

•! Bartz, Q., Paper presented .at Second National 
Symposium on Eecent Advances in Antibiotic He- 
search; also .7. Jni. Chcm. Soc., 1940, in press. 

a Fitzpatrick, F. K., Proo. Soc. Exp. Biol, and 
Med., 1949, 70, 90. 


venereum, menmgopneumonitis, cat pneumo- 
nitis, and mouse pneumonitis is given in a 
pretdous publication.* Experiments in mice 16 
to 18 grams in weight were done with mouse 
lung passage of these viruses inoculated by 
the intranasal route. Titrations were done 
and the infecting dose adjusted so that control 
mice in each e.vperiment when killed on the 
6th day had pulmonary lesions gitnng a score 
between 30 and 60.1 Drugs were given by 
the intraperitoneal route as single daily doses 
starting 2 hours after the virus. Control mice 
received saline intraperitoneally. 

The e.vperiments in chick emfarj'os were 
done with yolk sac passages of the four viruses 
inoculated either into the yolk sac or the allan- 
toic sac. The technic of the experiments using 
inoculation into the yolk sac with about 10 
LDjo was identical ndth that previously' de- 
scribed.* In the other series of e.xperiments 
10 to 100 IDso (50% infectious doses) were 
inoculated into the allantoic sac of 11-day-old 
chick embryos and a single dose of drug in- 
oculated after the virus either into the allan- 
toic sac or into the yolk sac. Control em- 
brj'os received saline. The embrj'os were sac- 
rificed on the 5th day after inoculation and 
the degree of viral multiplication in the 
allantoic sac determined by' inoculating allan- 
toic fluids from individual treated and control 
eggs into mice by' the intranasal route. Fluids 

t A lesion score of 100 represents de.-ith with 
complete pulmonary consolidation. In surviving 
mice SO represents on the average 4q- consolida- 
tion; 60, 3+; 40, 2-t-; and 20, 1-f. 
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Temperature and ' X-Radiation in Mice 


TABLE I. 

Incidence of Death Following Irradiation of Mice Cngcfl Singh- at 10° nnd 30°a 





30°C 



10 °C 




x” corrected 


Exp. 

No. 

Dose 

r 

Acclimatized Kotaccl, 
Dead Alive Dead Alive 

Acclimatized 
Dead Alive 

A 

Not accl. 
Dead Alive 

/' 

Acclimatization 
at 30° at 10° 

Temperature 
Accl. Not accl. 

7 

500 

8 

407o 

12 16 
807o 

4 • 

16 

4 

20 

100% 

0 

5.10 

2.50* 

5.10 

2.50* 

8 

470 

— 

— 16 
27% 

44 

— ■ 

— 

41 

68% 

19 

— 

— 

— 

19.24 

9 

470 

— 

— 23 

38% 

37 

— 

— 

36 

60% 

24 

— 

— 

— 

4.S0 

Totals 



55 

39.3% 

85 



97 

69.3% 

43 




24.18 


* These values are inexact because 100% of the non-acclimatized mice at 10° died. 


fects. Rectal temperatures were determined 
by an oral clinical thermometer with the bulb 
completely inserted into the rectum while 
the mouse was restrained by a wire jacket. 
Mice at the end of 4 weeks in the 30° en- 
vironment had an average temperature of 
38.4°C, 1.2° higher than those in the 
10° environment. 

In these experiments, where the mice were 
unable to huddle together, 69% in the 10° 
room died compared with 39% in the 30° 
room. The ■/.' values for individual experi- 
ments are relatively homogeneous, and the 
value 24.18 for the totals indicates a high 
degree of probability that the results were not 
due to chance alone. In the one experiment 
where acclimatization effect was studied ac- 
climatization again appeared to favor sur- 
vival. 

The detrimental effect of the cold environ- 
ment was clearly demonstrable when the mice 
were not allowed to huddle together. The 
conclusion that resistance to lethal X-ray ef- 
fects is lowered in a cold environment, when 
the o.xidative metabolism of mice is elevated, 
is in harmony with results from feeding desic- 
cated thyroid. There are, however, other 
physiological variables, such as the distribu- 
tion of blood between peripheral and visceral 
circulation, which may or may not alter the 
resistance of the organism to irradiation. 

In gross examination of the mice that died 
following irradiation a uniformly pale or mot- 
tled liver was frequently observed in those 
from the 30° environment. Where 10 mice 


were caged together, 48 out of 64 at 30° 
showed this condition in contrast to 7 out of 
76 mice at 10°. Among the mice caged sing- 
ly, 31 out of 41 had pale or mottled livers at 
death in contrast to 6 out of 107 mice of the 
10° groups. There was no apparent difference 
in this respect between acclimatized and non- 
acclimatized mice. The liver was e.xamined 
microscopically in mice caged singly that died 
7 to 14 days after irradiation. From 27 such 
mice at 30°, 19 showed marked and 4 showed 
moderate fatty changes, while from 30 such 
mice at 10° no livers showed marked and 4 
showed moderate changes. .Among control 
mice caged 10 together only one out of the 
10 kept 2 weeks at 30° showed moderate fatty 
changes, and none at 10° showed such 
changes. 

The higher incidence of pale, fatty livers 
in mice that died in the 30° environment was 
not obvious!}’- dependent upon the occurrence 
of hemorrhage as grossly obserx’ed, or upon 
differences in hemoglobin concentration as de- 
termined on 22 mice 11 days after irradiation 
(at 30°, mean hemoglobin 10.3 g per 100 
ml; at 10°, 10.5 g per 100 ml). Since the 
change occurred chiefly in tlie groups having 
the lower incidence of death it is apparently 
not associated with low resistance to irradia- 
tion, The many non-specific factors that 
could conceivably be resjionsible for the fatty 
changes do not permit the conclusion that 
irradiation had more than an indirect effect 
in its induction. 

Summary. The net effect of a sufficiently 


Nitrocompounds and the Psittacosis Group 
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cold environment is to lower the resistance of 
mice to the lethal action of X-rays. 

Subjection to a 10° or 30°C environment 
for 2 weeks prior to irradiation favors sur- 
vival of irradiated mice maintained in those 
environments. 


Jlice kept in a 30° environment that die 
following irradiation - frequentl}^ show fatty 
changes in the liver. 

Eeccired June 28, 1949. P.S.E.B.M., 19-19, 71. 


17238. Effect of Nitrocompounds on Viruses of the Psittacosis-Lympho- 
granuloma Group. 


Monroe D. Eaton, Chi-to Huang,* and Charlotte G. Leitenson. 

From the Department of BaeterioJogy aiwJ Immunology, Earvard Medical School, Boston, Mass. 


Because of the obser\'ation that nitro- 
acridines showed a marked inhibition of 
agents of the psittacosis-ljmiphogranuloma 
group^'- while chloro-substituted and certain 
other acridines were ineffective,^ it seemed 
desirable to investigate the activity of nitro- 
compounds other than acridines. Substances 
containing a benzene or furan ring were se- 
lected for investigation because certain struc- 
tural features in nitroacridine are also pres- 
ent in the latter, simpler compounds. l^Tiile 
these studies were in progress other publica- 
tions have described activity of two com- 
pounds containing a nitro-phenyl group 
against viruses of the psittacosis group or 
rickettsiae. One of these is chloramphenicol 
(chlorom}^cetin)®'^ and the other a nitro an- 
alogue of D.D.T., 1,1, l-trichloro-2, 2-bis 
(para-nitrophenjd) ethane which was found 
to show some effectiveness against murine 
Uphus in mice.® 

Material and methods. The source of the 
strains of the viruses of lymphogranuloma 

* Fellow of the American Bureau for Medical 
Aid to China, Inc. 

1 Eaton, M. D., vauAUen, A., and Weiner, A., 
Proc, Soc. E.np. Biol, and Med., 1947, 60, 141. 

- Hurst, E. W., Brit. J. Phann. and Chemo- 
thcrap., 1948, 3, 181. 

3 Smadei, J. E., and Jackson, E. B., Science, 
1947, IOC, 418. 

^Bartz, Q., Paper presented at Second National 
Symposium on Bccent Advances in Antibiotic Se- 
search; also J. Am. Chem. Soc., 1949, in press. 

3 Fitzpatrick, F. K., Proo. Soc. Esp. Biol, and 
Med., 1949, 70, 90. 


venereum, meningopneumonitis, cat pneumo- 
nitis, and mouse pneumonitis is given in a 
previous publication.^ Experiments in mice 16 
to 18 grams in weight were done with mouse 
lung passage of these viruses inoculated by 
the intranasal route. Titrations were done 
and the infecting dose adjusted so that control 
mice in each e.xperiment when killed on the 
6th day had pulmonary lesions giwng a score 
between 30 and 60.1 Drugs were given by 
the intraperitoneal route as single daily doses 
starting 2 hours after the virus. Control mice 
received saline intraperitoneally. 

The e-xperiments in chick embryos were 
done with yolk sac passages of the four viruses 
inoculated either into the yolk sac or the allan- 
toic sac. The technic of the e.xperiments using 
inoculation into the yolk sac with about 10 
LD30 was identical with that previously' de- 
scribed.^ In the other series of experiments 
10 to 100 IDso (50% infectious doses) were 
inoculated into the allantoic sac of 11-day-old 
chick embryos and a single dose of drug in- 
oculated after the virus either into the allan- 
toic sac or into the yolk sac. Control em- 
brj'os received saline. The embrj'os were sac- 
rificed on the 5th day after inoculation and 
the degree of viral multiplication in the 
allantoic sac determined by inoculating allan- 
toic fluids from individual treated and control 
eggs into mice by the intranasal route. Fluids 

t A lesion score of 100 represents dc.ith vrith 
complete pulmonary consolidation. In surviving 
mice SO represents on the average 4-t- consolida- 
tion; GO, 3-f ; 40, 2-1- ; and 20, l-p. 
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TABLE I. 

Effect of Substituted Nitrobeiizenes on Virnl Bcspiratory Infections in Mice. 


Virus 

Cat pneumonitis 


blouse 

I)neumonitis 


Ijvmpiiogranu- 
ioma venereum 

Mcningo- 

pneumonifis 


Substituent R* 


COOKii 

COKH., 

C(NH)NH, 

SO2NH2 

(Sulfanilamide) 

Clilovainplienicol 


COOKa 

CONU.. 

C(EH)KIG 

SOoNIL. 

(Sulfanilamide) 

Cliloramplicnieol . 

COONa 

COXHo 

Cbloramplieniool 

COOICa 

COKH-, 

SOoKHa 

Oliloramplicnico) 


Daily 

dose, 

mg 

1 ^ 0 - of 
mice 

Lesion score 

Lung 

wt (g) 

T/C( 

- - ^ 

7o cUanget 

T/Ct 

% cUaiigiV 

10 

43 

20/41 

—2.9 

0.24S/0.2SS 

—14 

5 

IS 

24/40 

—40 

0.192/0.247 

—2.1 

0 

40 

30/40 

—25 

0.284/0,313 

— 9 

4 

23 

25/32 

—52 

0.221/0.305 

—27 

10 

14 

42/46 

—11 

0.200/0.293 

— 1 

0 

16 

36/38 

— 5 

0.402/0.340 

-(-IS 

10 

16 

47/73 

—36 

0.374/0.460 

—19 

10 

2.1 

39/34 

-fl4 

0.295/0.269 

-1-10 

5 

20 

35/31 

-fl3 

0.220/0.255 

—14 

0 

53 

33/38 

—13 

0.312/0.305 

+ 2 

4 

21 

18/52 

— 65 

0.168/0.260 

— -30 

10 

13 

20/57 

— 65 

0.173/0.273 

—37 

2 

16 

41/46 

—11 

0.282/0.376 

—24 

7.5 

27 

38/39 

— 3 

0,261/0.266 


5 

16 

36/40 

—10 

0.244/0.280 

—14 

0 

16 

23/41 

—41 

0.204/0.345 

—41 

7.5 

26 

33/35 

— 6 

0.255/0.271 

— 0 

5 

33 

26/32 

—19 

0.312/0,323 

— 3 

3 

31 

39/46 

—16 

0.348/0.379 

— 8 

0 

16 

37/51 

—28 

0.387/0.423 

— 9 

5 

10 

21/42 

—50 

0.295/0.436 

— 3o 


^ Substituents in para position to nitro group: 


\b ; for cliloramplicnieol E = CH (OH) 

' ^ GH (KH.>COOHClo) 

CIIjOH 

t T = Treated mice; C = Control mice, 
t cliange =: 100 ( — 1 + T/C). 


were considered to be significantly infected 
when they produced average lesion scores of 
20 or over in the group of 3 mice subinocu- 
lated from each embryo. 


Drugs were injected by the intraperitoneal 
route in mice without heating or filtration, 
insoluble drugs being ground with a small 
amount of starch and suspended in saline. 
For inoculation of chick embryos the drugs 
were sterilized in saline suspension or solution 
bv heating in a boiling water bath for 20 
minutes. One nitrofuran which was soluble 
but unstable at lOO^C was sterilized by filtra- 
tion through a fritted glass filter. Dosage up 
to one-half or one-third of the maximum tol- 
erated dose w'as used in these experiments. 

Results in mice. These were expressed as 
reduction of the obserx-ed gross pulmonary 
consolidation and the weight of the lungs of 
the treated mice as compared with the con- 
trols. Further details on the measurement of 


the lung weights and their relation to the 
degree of consolidation will be found in an- 
other publication." In most instances two or 
three e.xperiments were done with the same 
drug and xvhen the effects in each experiment 
were similar the results were averaged. A 
summarv of the findings in mice with com- 
pounds containing a nitrophenyl group is pre- 
sented in Table I. With four compounds, 
sodium p-nitrobenzoate, p-nitrobenzamide, 
p-nitrobenzamidine, and p-nitrobenzene sul- 
fonamide, evidence of inhibition of the cat 
pneumonitis virus was obtained. The most 
si-^nificant effects were those with the two 
acid amides. With the exception of p-mlro- 
benzene sulfonamide these substances had no 
effect against the agent of mouse pneumonitis. 
Since the latter virus is sensitive to tlie action 
of sulfanilamide the positive re sult w ith p- 

in press. 
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Effect of Substituted 


TABLE 1. 

Nitrobcnzones on Viral Bcgpiratorj Infectious in Mice. 


Virus 


Lesion score 

dose, No. of — 

Substituent R* mg mice T/Ct % ebango} 


Cat pueutnonitis 

COOKa 

10 • 

43 

29/41 

—29 


COisrio 

5 

18 

24/40 

— to 



o 

40 

30/40 

—25 


SOaNHo 

4 

23 

25/52 

— 52 


(Sulfanilamide) 

10 

14 

42/4G 

—11 


Chloramplienieol 

o 

10 

3C/3S 

— 5 



10 

16 

47/73 

—36 

Mouse 

COONa 

10 

25 

39/34 

-fit 

pneumonitis 

CONH.. 

5 

20 

35/31 

+13 


C(IsH)NH^ 

o 

53 

33/38 

—13 


SOoNHo 

4 

21 

18/52 

— G5 


(Sulfanilamide) 

10 

13 

20/57 

—63 


Cldoramplienieol . 

2 

16 

41/46 

—11 

Lympliograuu- 

COONa 

7.5 

27 

38/39 

— 3 

loma venereum 

CONfG 

0 

16 

36/40 

—10 


Gldoramphenicol 

o 

16 

23/41 

--41 

ilciiingo- 

COONa 

7.0 

26 

33/35 

— G 

irneuiiionifis 

CONHo 

5 

33 

26/32 

—19 


SO..NH., 

3 

31 

39/46 

— IG 


Oldornmplicuicol 

o 

16 

37/51 

—28 


1 } 

5 

16 

21/42 

— 50 


* Substituents in para position to nitro group: 


Lung 

(g) 

T/Ct 

% clmnget 

0.248/0.288 

—14 

0.192/0.247 

—23 

0.284/0.313 

— 9 

0.221/0.305 

"7 

0.290/0.293 

— 1 

0.402/0.340 

-flS 

0.374/0.460 

—19 

0.295/0.209 

+10 

0.220/0.255 

—14 

0.312/0.305 

+ 2 

0.168/0.260 

—35 

0.173/0.273 

—37 

0.283/0.376 

—24 

0.201/0.266 

O 

0.244/0.2S0 

—14 

0.204/0.345 

—41 

0.255/0.271 

— 6 

0.313/0.323 

— .3 

0.348/0.379 

— 8 

0.387/0.423 

— 9 

0.293/0.450 

—33 


cliloramplienicol It =: CH(OH) 

— GH(XH.,COCHCIn) 

CHjOH ' 

t T = Treated mice; C = Control mice, 
f % change = 100 ( — 1 + T/C) . 


were considered to be significantly infected 
when they produced average lesion scores of 
20 or over in the group of 3 mice subinocu- 
lated from each embryo. 

Drugs were injected by the intraperitoneal 
route in mice without heating or filtration, 
insoluble drugs being ground with a small 
amount of starch and suspended in saline. 
For inoculation of chick embryos the drvgs 
were sterilized in saline suspension or solution 
by beating in a boiling water bath for 20 
minutes. One nitrofuran which was soluble 
but unstable at lOOX was sterilized by filtra- 
tion through a fritted glass filter. Dosage up 
to one-half or one-third of the maximum tol- 
erated dose was used in these experiments. 

Results in mice. These were expressed as 
reduction of the obsen-ed gross pulmonary^ 
consolidation and the weight of the lungs of 
the treated mice as compared with the con- 
trols. Further details on the measurement of 


the lung weights and their relation to the 
degree of consolidation will be found in an- 
other publication.® In most instances two or 
three e.xperiments were done with the same 
drug and when the effects in each experiment 
were similar the results were averaged. A 
summary of the findings in mice with com- 
pounds containing a nitrophenyl group is pre- 
sented in Table I. With four compounds, 
sodium p-nitrobenzoate, p-nitrobenzamide, 
p-nitrobenzamidine, and p-nitrobenzene sul- 
fonamide, evidence of inhibition of the cat 
pneumonitis virus was obtained. The most 
significant effects were those wth the two 
acid amides. With the exception of p-nitro- 
benzene sulfonamide these substances had no 
effect against the agent of mouse pneumon/ti.s. 
Since the latter virus is sensitive to the action 
of sulfanilamide the positive result with p- 

"''cHuang, C., :in(l Eaton, M. I>., J. Ucct., 1040, 
jn press. 
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Effect of Nitrocompounds on 

Allantoic 

T.\BLE IT. 

Infections with Meningopnemnonitis Virus in 

Chick Embryos. 

Drugs 



Degree of infection as indicated by subinoculation 
of allantoic fluid into mice 

t 

Name 

Dose, mg 

Boute 

Ls<20 

LS-lO-oO 

LS>50 

Average D.S. 

NF I‘ 

1.0 

A 

10 

12 

7 

37 

Saline 


A 

e% 

1 

27 

S3 

NF lit 

1.0 

rs 

4 

1 

1 

15 

Saline 


A 

1 

O 

3 

59 

Nitroakridin 3oS2 

0.3 

A 

14 

0 

0 

1.5 

Saline 


A 

1 

3 

14 

74 


♦ NF I = a-nitro-S-furaldeliTde-semioxamazoue autoclaved in dnr state, 
f Filtered through fritted glass (see Tables II and III for name and formula). 


Results ill chick embryos. Evidence for 
inhibition of the multiplication of the viruses 
by nitro-compounds was obtained from ex- 
periments in chick embrjms. Since the effec- 
tiveness of p-nitrobenzoic acid or its amide 
and p-nitrobenzene sulfonamide seemed to be 
limited largely to the agent of cat pneumonitis 
only the e.xperiments in chick embryos with 
this idrus are presented in Table III. Eleven- 
da 3 "-old embr 3 ’os were infected with a 10^ 
dilution of v'olk sac suspension given by the 
allantoic route. One hour later the drug was 
inoculated either by the same route or into 
the 3 rolk sac. Embr 3 'os seldom died as the 
result of infection but were sacrificed on the 
5th dai' after inoculation and the amount of 
virus in the allantoic fluid measured b 3 ' the 
pulmonar 3 r lesion scores resulting from sub- 
inoculation intranasally of these fluids into 
mice which were then sacrificed on the 14th 
da 3 '. As shown in Table III, the allantoic 
fluids from the majority of the embr 3 ms 
treated with the p-nitrophen 3 d compounds 
contained insufficient virus to produce lesion 
scores of 20 or more in mice while the fluids 
from man 3 " of the control eggs produced 
lesion scores over SO. The average of the 
lesion scores from the indin’dual eggs in each 
group is shown in the last column. The ef- 
fects were considered significant when the 
average from the treated eggs was one-half to 
one-third of the average lesion scores pro- 
duced by fluids from the control eggs. Chlor- 
amphenicol was found to be much more ef- 
fective against allantoic infections with this 
idrus in chick embr 3 'os than it was in mice. 
The results with sulfanilamide and penicillin 
are included for comparison. Sulfanilamide 


at a dosage of 1 mg, comparable to p-nitro- 
benzene sulfonamide, had no significant ef- 
fect. The effect produced b 3 ’’ a single dose of 
0.3 mg (500 units) of penicillin G was equiv- 
alent to or onl 3 '^ slightl 3 ’- greater than the 
effect of the nitro-compounds. 

The results of similar e.xperiments with 
nitrofurans and the agent of meningopneu- 
monitis are presented in Table IV. A number 
of experiments with these compounds ster- 
ilized by heating suspensions in saline or 
starch-saline at 100° for 20 minutes were 
negative, probably because of heat lability 
of the drug.ll Several e.xperiments were then 
done voth the semioxamazone which was 
sterilized b 3 ' heating in the dr 3 ^ state, but the 
results were not as good as would be e.x- 
pected from the experiments in mice. Since 
5-nitro-2 furaldeh3"de-2-j8-h3"drox3'eth3d semi- 
carbazone is soluble in water to the extent of 
slighth'- more than 1 mg per cubic centimeter 
at room temperature, solutions of this sub- 
stance were filtered and 1 cc inoculated into 
the 3 'olk sac. In this e.xperiment a definite 
inhibition of growth of the meningopneumo- 
nitis virus in the allantoic sac was observed. 
In a similar e.xperiment with the cat pneu- 
monitis virus (see Table III) using a dose of 
0.5 mg of this same substance no effect was 
obtained. The results of an e.xperiment with 
mtroakridin 3582, (3 nitro- 6,7-diraethox3'-9- 
(2-h3'dro.x3'-3-dieth3-l amino prop 3 "lamino) 
acridine, are also included in Table IV. It is 
obvious that this compound produced a much 
more marked inhibition than the nitrofurans 
in the allantoic sac but from previous investi- 

H Man' F. Paul, iJcrsonnl commumcatioii. 
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TABLE III. • 


Effect of Kitro Compounds 

on Allantoic 

Infections 

with C:it 

Pneumonitis Virus in 

Chick Embryos. 

Drugs 



Degree of infection as indicated by siibinoeiikition 
of .allantoic fluid into mice! 

< 

Name 

Dose, mg 

Boute 

is <20 

LS20-50 

LS>50 

Average L.S. 

Sodium p-nitrobenzoatc 

10 

A 

11 

0 

o 

27 

p-Kitrobenzamide „ 

10 

YS 

4 

3 

1 

2,7 

Saline 


A 

3 

n 

If) 

7S 

p-Kitrobenzene sulfonamide 

1 

A 

6 

s 

1 

Of) 

(Sulfanilamide) 

1 

A 

O 

10 

3 

37 

Saline 


A 

0 

10 

5 

47 

NF lit 

0.5 

YS 

6 

3 

1 

24 

Clilorampbcnicol 

1 

YS 

6 

o 

0 

7 

Saline 


A 

4 

G 

2 

31 

(Penicillin G) 

0.3 

YS 

14 

3 

3 

IS 

Saline 


YS 

3 

3 

9 

05 


* A = Allantoic; XS Tolk sae. 

t Eggs are divided into three groups; number not significantly infected, lesion score (LS)<20 in 
mice; number moderately infected, LS20-50; number •ndtli lieai-j- infection, LS>50. Average lesion 
score for entire group of eggs is given in last column. 

t NP II = o-nitro-2-furaldehyde-2-fi-hydroxyethyl semicarbazone. 


nitrobenzene sulfonamide may be attributed 
to reduction of the nitro group to an amino 
group in the body. The data from a com- 
parable experiment mth sulfanilamide in- 
cluded in Table I show that the effect was 
very similar in degree. It will be seen, how- 
ever, that sulfanilamide had little effect on 
the cat pneumonitis virus while the various 
nitro-compounds showed slight or moderate 
activity. With p-nitrobenzamide and p- 
nitrobenzene sulfonamide, the reduction of 
pulmonary lesions in mice infected with the 
agents of lymphogranuloma venereum and 
meningopneumonitis were very slight and in 
most cases probably not significant. 

Chloramphenicol at a dosage of 2.0 rng/ 
mouse daily had no significant effect against 
the virus of cat pneumonitis, and only a slight 
effect against the virus of mouse pneumonitis. 
At this dosage level a definite inhibitory effect 
was obtained against the virus of lympho- 
granuloma venereum but the activity against 
the agent of meningopneumonitis was of 
doubtful significance. By increasing the dose 
definite effects were obtained against the cat 
pneumonitis virus with 10 mg per day and 
against the meningopneumonitis virus wth 

5 mg. r— ^ 

jlnadly funiished by Dr. P. Stimpert, P.Tikc 
Davis & Company. 


Similar experiments in mice were done with 
four derivatives of S-nitro-2 furaldehyde^ 
using daily doses of 2 to 3 mg per mouse, 
which was close to the maximum amount 
tolerated over a period of one week. The 
mortality from toxic effects of the drugs 
ranged from 10 to 30^ of the treated mice 
in most of the experiments with these sub- 
stances. Trom the results presented in Table 
II, it will be seen that these nitrofurans had 
definite inhibitory activity against the agents 
of mouse pneumonitis, cat pneumonitis, IiTn- 
phogranuloma venereum, and meningopneu- 
monitis. The most active compound under 
the conditions of these e.xperiments was the 
semio-vamazone, while the diacetatc was 
found to be the least effective. With the 
former compound at a dosage of 3 mg marked 
inhibition of the pulmonary lesions produced 
by the virus of lymphogranuloma, and the 
meningopneumonitis virus were observed. 

\Wien the dosage was reduced to 2 mg tox- 
icity of the drug was not evident in the 6-day 
period of the e-xperiment, but the effect on 
the pulmonary lesions produced by tlie mcnin- 
gopneumonitis virus was not as great. 


S 5-j.itrofural(lcliyilc cli.acct.itc wis purcl.-ipcd 
rom tlio Eastninn Kodak Co. Tlio otbor -iliree 
„.„pou,.dB wore frivoa hy Dr. .M.ary K. JV.») of 
tie Eaton Labor:. torie.=, Inc. 
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tributed to reduction of the NO- group to 
NH- in vivo. The possible effect of this re- 
duction in other compounds has not to our 
knowledge been investigated. 

From a consideration of the spectrum of 
antiviral activity of these substances it is 
evident that the nitro-compounds as a group, 
including nitroacridines, have a somewhat 
similar range of activit}'^ while differences 
from sulfonamides may be found. The agent 
of mouse pneumonitis which is highly sensi- 
tive to sulfonamides, has a relatively low 
sensitivity to nitroacridine^ and is not inhib- 
ited significantly by derivatives of p-nitro- 
benaene with the e.vception of chlorampheni- 
col. The cat pneumonitis and meningo- 
pneumonitis vdruses are resistant to sulfona- 
mides but sensitive to the action of nitro- 
acridines and to most of the other nitro com- 
pounds in the case of the former virus but 
only to nitrofurans and chloramphenicol in 
the case of meningopneumonitis. 

Under the conditions of these e.xperiments 
the nitrofurans seemed to have a wider range 
of activity against viral respiratory infections 
in mice than did the other nitro compounds. 
The results with chloramphenicol are in 
agreement with the report of Smadel and 
Jackson^ who demonstrated activity of this 
substance against the agents of lymphogranu- 
loma venereum and psittacosis in chick em- 
br3'os and against psittacosis in rryce inocu- 
lated by the intraperitoneal route but were 
unable to find significant activity' against 
these viruses in mice inoculated bj' the intra- 
cerebral route. From the results presented 
in Tables I and II it may be seen that chlor- 
amphenicol seemed to be less active against 
the agent of cat pneumonitis than were some 
of the other nitro compounds. On the other 
hand, chloramphenicol was more active 
against the agents of lymphogranuloma 
venereum and meningopneumonitis than were 
any of the other nitrophenjd compounds, but 

• Hamilton, H. L., Prov. .Sor. Exp. Biol. .\xd 
Mkd., ISIf), .TO, 220. 

-Smailel, .1. E., and .Taekson, E. B., I’roc. .Soc. 
Exp. Biol. .a.n-d Med., 1948, 07, 478. 


was somewhat less active than the nitro- 
furans. 

\^'hile the observations reported here reveal 
interesting relationships between chemical 
structure and activit}' against the viruses of 
the psittacosis-lymphogranuloma group, it is 
doubtful that the chemotherapeutic index of 
any of the substances tested is favorable 
enough to justify human use. Although 
sodium p-nitrobenzoate is of low toxicity in 
mice it has a relative!}' low activity ivhich is 
limited almost entirely to the agent of feline 
pneumonitis. Nitrosulfonamides have been 
used in human beings for other purposes,® but 
their activity against the psittacosis-lympho- 
granuloma group is also limited. The nitro- 
furans have a relatively high degree of activ- 
ity against these viruses but they have a 
definite toxic action and have been shown 
to produce delayed lethal effects in guinea 
pigs sev'eral days after discontinuance of 
administration.^® Chloramphenicol is prob- 
ably among the least toxic of the substances 
tested but its activity against the agents of 
the psittacosis-lymphogranuloma group does 
no seem to be greater than that of penicillin 
or the sulfonamides.* 

Summary. Several substituted nitroben- 
zenes including chloramphenicol (Chloromy- 
cetin) show inhibitory activity against the 
viruses of meningopneumonitis, lymphogranu- 
loma venereum, cat pneumonitis, and mouse 
pneumonitis. Several nitrofurans were also 
shown to inhibit the growth of these viruses. 
The chemotherapeutic activity of these vari- 
ous substances is compared and the relation 
of chemical constitution to activity discussed. 
Although chloramphenicol b probably the 
least toxic of the substances tested, it did not 
show striking superiority to other nitro-com- 
pounds in activity against viruses of the 
psittacosis-lymphogranuloma group under the 
conditions of these e.xperiments. 

9M.ijor, R. H., J. Ltth. ami Clin. McH., 1940, 
SI, 219. 

lowolinsky, E., Wetzel, V., .ind Sfeeiikeii, IV. .1., 
Proc. Soc. Exp. Biol, .^.xd Med., 1949, 70, 483. 

Received June 21, 1949. P.S.E.B.M., 1949. 71 . 
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TABLE V. 

Effect of Nitroeompounds on Yolk Sac-, Infections in giick Embryos. 
' ■ ^ Degree of infeetioni 

■ Dose LS<20 LS20-o0 LS>uO I) 


Morfiilifv ratio 


Cat pnenmonitis 


ileni ngo-pnenmonit is 


10 mg 


* PXB — p-Xifvobeiuoie acid-sodium salt. 

PNBa — p-Xitrobenzoie aeid-amide. 

II = Smitro-S-furaldeliTde-a-^-IiTdroXTethrl seniicarbazone .sterilized bv dlfratioii. 
i In eggs surviving to 8 days. D represents number of embryos dead by 8 days. 


gations/ it seemed to be less effective than the 
nitrofurans against the meningopneumonitis 
virus in the lungs of mice. 

The results of experiments in which both 
drug and virus were inoculated into the yolk 
sacs of chick embryos are presented in Table 
V. Sodium p-nitrobenzoate in large doses 
bad no effect on the multiplication of the 
mouse pneumonitis virus but definite evi- 
dence of inhibition of the virus of cat pneu- 
monitis was obtained. In one e.xperiment p- 
nitrobenzamide had no effect on the agent of 
meningopneumonitis. The compound 5- 
nitro-2-furaldehyde-2-;S-hydroxyethyl semi- 
carbazone inhibited the growth of both the 
cat pneumonitis and meningopneumonitis 
virus in the yolk sac. While most of the con- 
trol eggs in these two experiments were either 
dead or heavily infected by the 8th day after 
inoculation, the majority of the treated eggs 
sun'ived with insignificant amounts of virus, 
although a few had moderate to heavj^ infec- 
tions. These results with the three viruses 
and two types of compound parallel quite 
closely the observations with mice as reported 
above. 

Negative results. The following additional 
substances containing a nitrophenyl group 
were screened against the virus of meningo- 
pneumonitis in mice and in some cases against 
other viruses in mice and chick embryos and 
found to have no effect; p-nitrobenzene sul- 


fonanilide, m-nitrobenzene sulfonamide, so- 
dium p-nitrobenzene sulfonate, p-nitroacetan- 
ilide, 3-nitro-4-acet-toluide, N(S-nitro-2-furyI- 
idene)-I-aminohydantoin. 

Discussion. These observations and the 
results reported fay other investigators sug- 
gest that a certain chemical structure contain- 
ing a nitro substituent confers on several sub- 
stances activity against viruses of the psitta- 
cosis-lymphogranuloma group. The only 
chemical grouping common to most of the 
active nitro compounds so far found is the 
ring-system of carbon atoms with conjugated 
double bonds thru which the nitro group is 
joined to various chemical complexes of rather 
mde diversity. 

It is likeN that the nature of the sub- 
stituent on the benzene ring in the para posi- 
tion to the nitro group plays an important 
part in determining chemotherapeutic and 
pharmacologic properties. .An analogy with 
the sulfonamides exists in that the substituent 
on the sulfonic acid group of the latter com- 
pounds increases or decreases their activitr-. 
Although some of tlie compounds listed in the 
present work resemble p-aminobenzoic acid, 
others such as the nitrofurans have a struc- 
ture which is quite different from P.AB.A. 
Since PAB.A itself has been found to be in- 
active against agents of the psittacosis-lym- 
phogranuloma group'''" the effects of p-nitro- 
benzoic acid and its derivatives cannot he at- 
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tributed to reduction of the NO^ group to 
NHs in vivo. The possible effect of this re- 
duction in other compounds has not to our 
knowledge been investigated. 

From a consideration of the spectrum of 
antiviral activity of these substances it is 
evident that the nitro-compounds as a group, 
including nitroacridines, have a somewhat 
similar range of activitj^ while differences 
from sulfonamides maj^ be found. The agent 
of mouse pneumonitis which is highly sensi- 
tive to sulfonamides, has a relatively low 
sensitivity to nitroacridine^ and is not inhib- 
ited significanth' by derivatives of p-nitro- 
benzene with the e.vception of chlorampheni- 
col. The cat pneumonitis and meningo- 
pneumonitis viruses are resistant to sulfona- 
mides but sensitive to the action of nitro- 
acridines and to most of the other nitro com- 
pounds in the case of the former virus but 
only to nitrofurans and chloramphenicol in 
the case of meningopneumonitis. 

Under the conditions of these e.xperiments 
the nitrofurans seemed to have a wider range 
of activity against viral respiratory infections 
in mice than did the other nitro compounds. 
The results with chloramphenicol are in 
agreement with the report of Smadel and 
Jackson* who demonstrated activity of this 
substance against the agents of lymphogranu- 
loma venereum and psittacosis in chick em- 
bryos and against psittacosis in nyce inocu- 
lated by the intraperitoneal route but were 
unable to find significant activity against 
these viruses in mice inoculated by the intra- 
cerebral route. From the results presented 
in Tables I and II it may be seen that chlor- 
amphenicol seemed to be less active against 
the agent of cat pneumonitis than were some 
of the other nitro compounds. On the other 
hand, chloramphenicol was more active 
against the agents of lymphogranuloma 
venereum and meningopneumonitis than were 
any of the other nitrophenyl compounds, but 

" Hamilton, H, L., Proo. Soc. Exp. Bioi,. and 
Med., li)4o, o!), 220. 

Siiiadpl, .1. E., and .Tackson, E. B., Proc. Soc. 
Exp. Biou a.vd Med., lots, «7, 478. 


was somewhat less active than the nitro- 
furans. 

While the observations reported here reveal 
interesting relationships between chemical 
structure and activitj’- against the viruses of 
the psittacosis-lymphogranuloma group, it is 
doubtful that the chemotherapeutic index of 
any of the substances tested is favorable 
enough to justify human use. Although 
sodium p-nitrobenzoate is of low toxicity in 
mice it has a relativeh’^ loiv activity which is 
limited almost entirely to the agent of feline 
pneumonitis. Nitrosulfonamides have been 
used in human beings for other purposes,® but 
their activity against the psittacosis-h^mpho- 
granuloma group is also limited. The nitro- 
furans have a relatively high degree of activ- 
ity against these viruses but they have a 
definite to.xic action and have been shown 
to produce delaj’ed lethal effects in guinea 
pigs several days after discontinuance of 
administration.^® Chloramphenicol is prob- 
ably among the least toxic of the substances 
tested but its activity against the agents of 
the psittacosis-lymphogranuloma group does 
no seem to be greater than that of penicillin 
or the sulfonamides.®* 

Summary. Several substituted nitroben- 
zenes including chloramphenicol (Chloromy- 
cetin) show inhibitory activitj’ against the 
viruses of meningopneumonitis, tymphogranu- 
loma venereum, cat pneumonitis, and mouse 
pneumonitis. Several nitrofurans were also 
shown to inhibit the growth of these viruses. 
The chemotherapeutic activitj’ of these vari- 
ous substances is compared and the relation 
of chemical constitution to activity discussed. 
Although chloramphenicol is probablj’ the 
least toxic of the substances tested, it did not 
show striking superiority to other nitro-com- 
pounds in activity against viruses of the 
psittacosis-lymphogranuloma group under the 
conditions of these' e.xperiments. 

»Ma,jor, E. H., J. Luh. and Clin. Mecl, 194G, 
SI, 219. 

10 IVolinsky, E., IVotzel, V., and Stceiikcii, JV. ,T., 
Proo. Soo. Exp. Bion. a.vd Med., 1949, 70, 483. 

Eeceived June 21, 1949. P.8.E.B.M., 1949, 71. 
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JslTROCOMPOUNDS AND THE PSITTACOSIS GroUP 


Effect Of Nitrocompounds on Yolk Sne Iiifeo.tions in Cliick Embryos. 

Hegrce of infection t 


Virus 

Drug* 

Bose 

B.S<20 

LS20-50 

LS>,50 

B 

■ ^lort.'iUty ratio 

blouse pneiiiiioiiitis 

BNB 

Saline 

9 mg 

2 

3 

.3 

1 

0 

1 

5 

S 

5/9 

S/Pl 

Cat piieamonitis 

PXB 

Saline 

9 mg 

8 

5 

0 

0 

1 

0 

♦» 

10 

2/11 

10/15 


NP 11 
Saline 

0.5 mg 

7 

0 

0 

0 

3 

o 

0 

7 

n/10 

T/9 

ileniiigo-piicumonitis 

PXBa 

10 mg 

0 

1 

1 

4 

1/5 

■i/s 


.S.aline 

0 

0 

4 

4 


XPTI 

0.5 mg 

4 

o 

0 

0 

0/5 


Saline 


0 

i 

1 

0 

.0/11 


* PXB =r p-Nitvoi3Giuoic acid-sodimn salt, 

PKBn =: p-Xitroljcnzoie acid-amide. 

XP n =r 5-nitro-2-furaldel>yde-2-;3-liydrosyethyl semicarliazonc sterilized bv fiitrafioji. 
1 In eggs surriving to 8 days. D represents nnmbcr of embryos dead br 8 days. 


gations/ it seemed to be less effective than the 
nitrofurans against the meningopneumonitis 
virus in the lungs of mice. 

The results of e.xperiments in which both 
drug and virus were inoculated into the yolk 
sacs of chick embryos are presented in Table 
V. Sodium p-nitrobenzoate in large doses 
had no effect on the multiplication of the 
mouse pneumonitis virus but definite evi- 
dence of inhibition of the virus of cat pneu- 
monitis was obtained. In one e.xperiment p- 
nitrobenzamide had no effect on the agent of 
meningopneumonitis. The compound S- 
nitro- 2 -furaldehyde-2 -/?-hydroxyethyl semi- 

carbazone inhibited the growth of both the 
cat pneumonitis and meningopneumonitis 
virus in the yolk sac. While most of the con- 
trol eggs in these two experiments were either 
dead or heavily infected by the 8th day after 
inoculation, the majority of the treated eggs 
surrdved with insignificant amounts of virus, 
although a few had moderate to heavy infec- 
tions. These results with the three viruses 
and two types of compound parallel quite 
closely the observations with mice as reported 
above. 

Negative results. The following additional 
substances containing a nitrophenyl group 
were screened against the virus of meningo- 
pneumonifis in mice and in some cases against 
other viruses in mice and chick embryos and 
Sound to have no effect; p-nitrobenzene sul- 


fonanilide, m-nitrobenzene sulfonamide, so- 
dium p-nitrobenzene sulfonate, p-nitroacetan- 
ilide, 3-nitrQ-4-3cet-toIuide, MfS-nitro-Z-furyl- 
idene)- 1-aminohydantofn. 

Discussion. These observations and the 
results reported by other investigators sug- 
gest that a certain chemical structure contain- 
ing a nitro substituent confers on several sub- 
stances activity against viruses of the psitta- 
cosis-ljonphogranuloma group. The only- 
chemical grouping common to most of the 
active nitro compounds so far found is the 
ring-system of carbon atoms with conjugated 
double bonds thru which the nitro group is 
joined to various chemical complexes of rather 
mde diversity. 

It is likely that the nature of the sub- 
stituent on the benzene ring in the para posi- 
tion to the nitro group plar's an important 
part in determining chemotherapeutic and 
pharmacologic properties, analogy with 
the sulfonamides e.xists in that the substituent 
on the sulfonic acid group of the latter com- 
pounds increases or decreases their activity. 
Although some of the compounds listed in the 
present work resemble p-aminobenzoic acid, 
others such as the nitrofurans have a -struc- 
ture which is quite different from PAB.\. 
Since PAB.-li itself has been found to be in- 
acti\'e against agents of the psittacosis-lym- 
phogranuloma group®-' the effects of p-nitro- 
benzoic acid and its derivatives cannot he at- 
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tributed to reduction of the NO2 group to 
NH2 in vivo. The possible effect of this re- 
duction in other compounds has not to our 
knowledge been investigated. 

From a consideration of the spectrum of 
antiviral activity of these substances it is 
evident that the nitro-compounds as a group, 
including nitroacridines, have a somewhat 
similar range of activity while differences 
from sulfonamides may be found. The agent 
of mouse pneumonitis which is highly sensi- 
tive to sulfonamides, has a relatively low 
sensitivity to nitroacridine’^ and is not inhib- 
ited significantly by derivatives of p-nitro- 
benzene with the exception of chlorampheni- 
col. The cat pneumonitis and meningo- 
pneumonitis viruses are resistant to sulfona- 
mides but sensitive to the action of nitro- 
acridines and to most of the other nitro com- 
pounds in the case of the former virus but 
only to nitrofurans and chloramphenicol in 
the case of meningopneumonitis. 

Under the conditions of these experiments 
the nitrofurans seemed to have a wider range 
of activity against viral respirator}^ infections 
in mice than did the other nitro compounds. 
The results with chloramphenicol are in 
agreement with the report of Smadel and 
Jacksoir** who demonstrated activity of this 
substance against the agents of lymphogranu- 
loma venereum and psittacosis in chick em- 
bryos and against psittacosis in n^ice inocu- 
lated by the intraperitoneal route but were 
unable to find significant activity against 
these viruses in mice inoculated by the intra- 
cerebral route. From the results presented 
in Tables I and II it may be seen that chlor- 
amphenicol seemed to be less active against 
the agent of cat pneumonitis than were some 
of the other nitro compounds. On the other 
hand, chloramphenicol was more active 
against the agents of lymphogranuloma 
venereum and meningopneumonitis than were 
any of the other nitrophenyl compounds, but 

" Ilmuiltoii, II. I.,., Proc. Soc. Exp. Bion. .vsd 
-Med., 1945, 59 , 220 . 

Sin.'idi'I, J. E., and .Tackson, E. B., Pp.oc. Soc. 
Exp. Biou and Med., 194S, «7, 47S. 


was somewhat less active than the nitro- 
furans. 

While the observations reported here reveal 
interesting relationships between chemical 
structure and activity against the viruses of 
the psittacosis-lymphogranuloma group, it is 
doubtful that the chemotherapeutic index of 
any of the substances tested is favorable 
enough to justify human use. Although 
sodium p-nitrobenzoate is of low toxicity in 
mice it has a relativel}’’ low activity which is 
limited almost entirely to the agent of feline 
pneumonitis. Nitrosulfonamides have been 
used in human beings for other purposes,® but 
their activity against the psittacosis-lympho- 
granuloma group is also limited. The nitro- 
furans have a relatively high degree of activ- 
ity against these viruses but the}^ have a 
definite toxic action and have been shown 
to produce delayed lethal effects in guinea 
pigs several days after discontinuance of 
administration."’ Chloramphenicol is prob- 
ably among the least toxic of the substances 
tested but its activity against the agents of 
the psittacosis-lymphogranuloma group does 
no seem to be greater than that of penicillin 
or the sulfonamides.® 

Summary. Several substituted nitroben- 
zenes including chloramphenicol (Chloromy- 
cetin) show inhibitory activity against the 
viruses of meningopneumonitis, l^-mphogranu- 
loma venereum, cat pneumonitis, and mouse 
pneumonitis. Several nitrofurans were also 
shown to inhibit the growth of these viruses. 
The chemotherapeutic activity of these vari- 
ous substances is compared and the relation 
of chemical constitution to activity discussed. 
Although chloramphenicol is probably the 
least toxic of the substances tested, it did not 
show striking superiority to other nitro-com- 
pounds in activity against viruses of the 
psittacosis-lymphogranuloma group under the 
conditions of these' e.xperiments. 

9 Major, K. H., ,T. Lah. aiirl Clin. .Mfd, I94G, 
31, 219. 

wiVolinsky. E., IVctzel, V., and Steciikon, M'. .T., ' 
Pboc. Soc. Exp. Biol, and Med., 1949, 70 , 483. 

Beeeivcd .Tune 21, 1949. P..S.E.B.M.. 1949. 71. 


17239. Psittacosis-Lymphogranuloma Group by 

]Monroe D. Eaton, Charlotte G. Leven'son, and Charlotte Hanks. 

From the department of Bacteriology and Immwiology, Harvard Medical School, Boston, Mass. 


Recent investigations of nitro-analogues of 
para amino benzoic acid iave revealed ac- 
tivitj'' of certain of these compounds against 
agents of the psittacosis-lymphogranuloma 
group.^ Because of these observations it 
seemed of interest to test compounds recently 
available in which arsenic is substituted for 
the nitrogen atom and p-arseno benzamide was 
selected because it may be considered an ar- 
senic analogue of p-nitro benzamide. The 
latter substance has shown slight inhibitory 
activity against the virus of feline pneumoni- 
tis. p-Arsenobenzamide and the dithioglycol- 
late, know as Arsenamide,* were tested in 
mice and chick embryos by the methods de- 
AsO As(SCHoC00H)2 



I p-arsenohenzamicle II Arsenamide 
scribed in a current publication* against the 
agents of meningopneumonitis, cat pneumoni- 
tis and mouse pneumonitis. 

The results of experiments on pneumonia in 
mice are summarized in Table I. In mice in- 
oculated intranasally with the agents of mouse 
or cat pneumonitis and treated with daily in- 
traperitoneal doses of 0.4 mg of p-arseno- 
benzamide the gross pulmonary lesions were 
reduced by about SO per cent as compared 
with the controls, and there was also signifi- 
cant reduction in consolidation as measured 
by the lung weights. The thioglycollate de- 
rivative, Arsenamide, was about equall}^ ef- 
fective against the agent of cat pneumonitis. 

Chick embryos infected by ^e allantoic 
route were given a single dose of 0.2 mg of 
Arsenamide by the same route after the virus. 

1 Eaton, M. D., Huang, C., and Levenson, C. G., 
Proc. Soc. Exp. Biol, .wd JIeb., 1049, 71, 501. 

♦ Both supplied bj- Dr. M.nrlin T. Lefflcr of the 
Abbott Laboratories. 


The results are summarized in Table II. When 
the substance was given one hour after inoc- 
ulation of the virus almost complete inhibi- 
tion of the growth of the agent of cat pneu- 
monitis was observed, as determined by sub- 
inoculation of the allantoic fluids of individual 
eggs into mice. At 24 and 48 hours after 
inoculation Arsenamide produced partial in- 
hibition of the growth of this virus. The re- 
sults with meningopneumonitis virus were less 
striking but partial inhibition of growth in 
the allantoic sac was obtained when the 
drug was given one hour after the virus. In 
mice no significant effect against this virus 
was obtained (Table I). 

Comment. When tested under the same ex- 
perimental conditions, the activity of p-arsen- 
obenzamide and Arsenamide compares favor- 
ably on a weight basis with some of the nitro- 
compounds including Chloromycetin but their 
toxicity is relatively high and further investi- 
gation may show their range of activity to be 
limited. 

As other arsenic compounds have not been 
e.xamined these preliminary results do not 
establish any relation of structure to actiwty 
against the psittacosis - lymphogranuloma 
group and further studies will be necessarj' to 
assess the significance of the structural rela- 
tion of this compound to p-aminobenzoic acid 
and p-nitrobenzamide. Williamson and LounV 
have reported that PABA interferes with the 
trypanocidal action of y (p-arsenophenyl)- 
butjmic acid, a compound of somewhat similar 
structure, and Schleyer and Schnitzer* find 
that esters and amides of substituted benzoic 
acids, but not the acids themselves, antagonize 
the effect of mapharsen and acriflavine. 
Summary. p-Arsenobenzamide and its 

2 Willtniison, J., riiu! Lourip, E. M., Ann. Trap. 
M(d. and Parasit., 1947, 41, 27S. 

3 ScliIfvtT, W. L., .3iul Sclinitzcr, B. .T., d. Im- 
munol., 1948. «0, 2G5. 
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TABLE I. 


Effect of p-Arsenobenznmide and its Ditliioglyeollate on Viral Respiratory Infections in Mice. 


Daily 

dose, Xo. of 
Virus Compound mg mice 

Lesion store 

Lung weight 

T/C* % change t 

T/C* 

% change t 

Cat pn. I 0.4 27 

21/40 —47 

.0.203/0.311 

—35 

” >’ 11 0.3 32 

22/39 — 14 

0.200/0.311 

—15 

Mouse pii. I 0.4 27 

11/25 —50 

0.161/0.209 

—23 

Mcningo- I 0.2 1C 

30/35 —15 

0.297/0.325 

— S 

pneum. 




* T = Treated mice. C = Control mice. 



t change = 100(— l+T/C). 





TABLE II. 



Effect of Arsenamide on .Allantoic Infections in Chick Embryos. 



Degree of infection 

as indicated by subinocula- 


tion of allantoic fluids into micet 

Drug* time 



s 

Virus After virus, hr 

LS<20 LS20-50 LS>50 

Av. L.S. 

Cat pneumonitis 1 

12 0 

0 

3.0 

Sal. 

2 5 

7 

52.0 

24 

7 5 

0 

16.3 

4S 

15 1 

1 

15.2 

Sal. 

3 1 

4 

46.0 

Meningopneumonitis 1 

10 5 

o 

22.0 

Sal. 

0 1 

lii 

S7.0 


*■ Dose 0.2 mg/egg br ail.ontoic route. 

tLS<20, allantoic fluid not significantly infected; LS20-30, moderate infection; LS>50, 
Uoavily infected allantoic fluid. 


dithioglycollate have a definite inhibitory 
activity against the viruses of mouse pneu- 
monitis and cat pneumonitis in the lungs of 
mice. The dithioglycollate also inhibits 


growth of the agents of meningopneumonitis 
and cat pneumonitis in the allantoic sac of 
chick embr 5 'os. 

rleceived June 21, 1919. P.S.E.B.M., 1949, 71. 


17240. Vitamin 6,2 Content of Various Organs and Tissues of the Rat.* 
U. J. Lewis, U. D. Register, and C. A. El\ehjem. 

I'ro/n the Department of Biochemistry, College of Agriculture, Vnirersity of Wisconsin, 

Madison, Wis. 


The glandular tissues of various domestic 
animals have long been known to be effective 
in pernicious anemia when administered oral- 
ly.' Beef liver and kidney have proved to be 

PubUsb. d with the approv.nl of tlic Director of 
the Wisconsin Agricultural Experiment fetation. 
Supported in part by a grant from tbc Research 
Committee of the Graduate School from funds 
supplied by the Wisconsin Alumni Research Foun- 
elation. 


the richest source of the active principle, kid- 
ney, however, possessing only one-half to two- 

We are indebted to Merck and Company, Inc., 
Railway, N. .1., for crystalline vitamins and the 
crude Bjo concentrate, and to Dr. B. L. Hutchings 
of the Liedcrie Labor.atorics Division. American 
Cyan.amid Company, Pearl River, X. Y., for syn- 
thctic foHc acid. 

1 Subbarow, Y., Hastings, A. B.. and Elkin. M., 
rifamfiis and Hormones, 194.5, 3. 2.37. 
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Bi2 Content Rat Organs and Tissues 


Daily supplement 


None 

.1 7 crystalline Bjo 
1 g kidnej- 

1 g ” (Bij)* 

1 g liver 

1 g ” (Bie) 

1 g intestine 

1 g, ” (Bjo) 

1 g heart 

1 g ” (Bi 2) 

1 g spleen 

1 g ” (Bia) 

2.5 g muscle 
2.5 g ” (Bjs) 


TABLE I. 

Vitamin Bio Content of Rat Tissues. 


No. of 
animals per 
assay group 


Series 1 
Total avg 
gain (g) 
2wk 


Series 2 
Total avg 
gain (g) 
2u-k 


0 
5 
3 
3 
5 
5 
5 
a 

1 
1 
1 
1 
5 
5 


48 

37 

73 

66 

65 

51 

89 

87 

47 

31 

75 

66 

38 



62 

36 

— 

62 

— 

32 

— 

30 

57 

43 

71 

66 


* (Bj2)i''rdn] rats that received Bj2 eonccntratc. 
i No measurable quantity. 


Nin. B]o (7) 
per g of 
sanijde 


0.04 

0.17 

t 

0.08 

t 

0.04 

f 

0.07 

< 

t 

t 

Trace 


thirds the activity of liver. Spleen, brain, 
heart, and pancreas are effective to a lesser 
e,xtent. These same organs from the pig and 
lamb have likewise been used beneficially in 
the dietary treatment of pernicious anemia. 

An assay method has been reported- which 
can be used to measure fairly quantitatively 
the activity of anti-pemicious anemia prepara- 
tions, and all subsequent work with the assay 
has indicated that vitamin Bjs is the active 
component being determined. The quantita- 
tive response obtained with crystalline vita- 
min Bia affords a basis for the estimation of 
the amount of B 12 present in the material 
tested. Application of this was made in 
the testing of various beef and pork samoles 
for Bi 2 content.’'' The work to be reported 
was undertaken to determine the relative con- 
centration of vitamin Bm in various organs 
and tissues of the rat in an effort to locate 
■the main storage site of the vitamin within 
the body. 

Experimental. Aninials. The rats used as 
sources of the organ and tissue samples were 
obtained as weanlings. They were housed in 
stock colony cages and given food and water 

2 Register, V. D., 'Ruegamcr, W. E., .tiuI E)- 
vclijem, C. A., J. Biol. Chem., 1949, 177, 129. 

3 Register, D. D., Lewis, D. J., Thompson, H. T., 
.and Elvcldcm, C. A., Pkoc. Sor, E.vp. Biot., axp 
IdEn., 1949, 70, 167. 


ad libilum. A total of 30 rats were used and 
all received the corn-soybean ration described 
previously.’* Fifteen of the animals were given 
in addition to this diet a vitamin Bjo con- 
centrate (IS’Ierck and Co.) which was mixed 
directly into the basal ration to provide 3 •/ 
of Bi 2 per 100 g of food. The rats were kept 
on these diets for 6 weeks before sacrificing. 

Preparation of samples. The rats were de- 
capitated, bled, and the tissues and organs re- 
moved. The liver, kidney, heart, spleen, 
small intestine, and the femoral muscles were 
•taken. The livers, kidneys, and intestines 
were -weighed, combined with an equal weight 
of distilled water, and homogenized in a War- 
ing blendor The skeletal muscle was treated 
in the same manner except that a 3 to 1 dilu- 
tion was necessary to obtain a smooth homog- 
enate. .All samples were stored at ordinary re- 
frigeration temperature. 

Assay. The assay method used has been 
described in a previous paper.- It consists of 
placing weanling rats on a basal ration for a 
2-i.veek depletion period and following the 
growth response during another 2-week period 
when the material to be tested is given. The 
samples were administered on alternate days 
in separate food containers. Four ml of the 
liver and kidney homogenates were given 

■1 JnITo, IV. 0., .ant! Elvelijem, F A., f/ird. 
i(iO, 2S7. 



Bi2 Content Rat Organs and Tissues 


511 


every other day, thus supplying the animals 
with an equivalent of 1 g of the sample 
per day. Because of the higher dilu- 
tion of the muscle homogenate and its proba- 
ble lower Bio content, IS ml were adminis- 
tered which provided 2.5 g of muscle tissue 
per day. 

The number of rats used for each assay 
group is recorded in Table I. A smaller 
number of rats was necessary in the cases 
of the kidnej^, spleen and heart because of an 
insufficient amount of sample. The assay was 
run in two series, a different group of rats 
being used as a source of the organs and tis- 
sues in each case. 

Results and discussion. The data on the 
vitamin Bio content of all the rat tissues and 
organs tested are presented in Table I. The 
values obtained for the heart and spleen are 
based on results from one assay animal and, 
therefore, are to be regarded only as indica- 
tions of the actual. 

The greater weight gain in the first series 
can be e.N-plained by the fact that the basal 
gain, that is, without supplement, was higher 
throughout all the groups. However, the rela- 
tive values for Bio content of the samples in 
the two individual series were similar. 

The data show that in all instances, except 
possibly with the spleen, the inclusion of the 
Bio concentrate in the animal’s diet caused an 


increase in the quantitj' of Bio in the organs 
and tissues. 

The kidneys ivere found to be the site of 
greatest Bio concentration. Also the results 
indicate that the vitamin is retained in larger 
quantity for a longer period of time in the 
kidneys than in the other organs. The liver, 
heart, and intestine contained no appreciable 
amount of \atamin B]o after the animals had 
been kept on the corn-soybean ration for 6 
weeks. However, the increase was verj'^ 
marked in these organs, as wth the kidnej'’, 
upon the addition of the Bio concentrate to 
the rat’s diet. The skeletal muscle was not 
only lowest in Bio but also remained most 
nearly constant in content. 

Summary. The kidney, liver, heart, small 
intestine and femoral muscles of rats raised 
on a corn-soybean diet were assayed for vita- 
min Bio content. 

The kidney was found to be the site of 
greatest Bio concentration. The liver, heart, 
small intestine, and muscle contained no ap- 
preciable amount of the \dtamin after the 
animals had been kept on the basal ration for 
6 weeks. The amount of Bio increased in the 
organs and tissues when \ntamin Bio was add- 
ed to the diet. 

Received June 22, 1949. P.S.E.B.M., 1949, 71. 
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17241. Observations on the Formation of Connective Tissue Fibers.* 

Keith R. Porter and Parker Vakamee.I (Introduced by James B. IMurphy.) 
From The Ttoekefeller Institute for Medical Eesearch, E'ew Tor): City. 


Some information on the origin and develop- 
ment of collagenous fibers has been obtained 
from the study of cultured tissues*"^ and 
wound healing.® In such material fine fibrils 
can be observed to develop between the cells. 
These subsequently increase in number and 
finally coalesce to form larger fibers. It is 
generally thought that the fibrils are organized 
from an intercellular protein that is produced 
by or at least influenced by the surrounding 
cells, but the precise mechanism is not under- 
stood. 

One approach to the examination of this 
problem is by way of direct observations on 
the early submicroscopic sequences involved 
in fiber formation. To that end we have 
utilized the combined methods of electron 
microscopy and tissue culture. 

* Aided in part by a grant from the American 
Cancer Society on the recommendation of the 
Committee on Growth of the National Eesearch 
Council. 

t Studies made during the tenure of a fellowship 
in Cancer Eesearch of the American Cancer So- 
ciety, recommended by the Committee on Growth 
of the National Eesearch Council. 
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- McKinney, R. L., Arch. exp. ZcUforsch., 1929, 
», 14. 

3 MomigUano-Levi, G., Z. ZcUforsch., 1932, 10, 
389. 
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The material studied has included fibrous 
arrays formed in vitro in association with ex- 
plants of chick embryo skin and foregut, rab- 
bit thjTnus and rat pericardium.t In prepara- 
tion for microscopy the cultures containing 
these arrays were washed in a balanced salt 
solution, Lxed briefly over vapors of OsOi 
and thereafter mounted on electron micro- 
scope screens by the same technics that are 
used for cells.® 

Only areas of the culture in which the 
plasma clot had been completely lysed were 
suitable for microscopy. In such areas the 
presence or absence of connective tissue fibers 
could be determined with the light microscope. 
Generally the cell population was sparse. 
Some units appeared as macrophages and 
fibrocj'tes and were spread out quite thinly 
on the coverglass whereas others of unknown 
nature remained rounded up and were dis- 
persed over the surface of the fiber mat. 

.-Is was more of less expected, it was found 
that these fibrous mats contain a great many 
more fibers than are apparent with the light 
microscope. In fact, the predominant tj'pe, 
hereinafter referred to as unit fibers, has a 
diameter usually less than 500 A (Fig. 1 to 5). 
They are long slender strands which, over the 

t All micrographs used for illustrations are of 
fibers that had developed from explants of chick 
embryo skin after 9 days in culture. 

6 Porter, K. E., Claude, A., and Fullam, E., 
J. Exp. Med., 1945, 81, 233. 
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CoLtAGEN Formation 



Fig. 1. 

Micrograph sliowiiig numerous unit fibers and two largo collagon- 
like strands made up of unit fibers. Beaded protofibrils are 
present in the background and indicated by arrows. Specimen 
lightly shadowed with gold, 12° angle. Jlag. 15,734. 
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form the repeating axial pattern of eolkagen. Tbo intra-per.od bands are ob.soricd to be un- 
equal in size and density. Mag. 30,500. 
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Fig, 4, Microgr-ipli slio«-ing large-period component (arrow) of preparations organized as 
a fiber with densities spaced uuiformlr at approximately 100 A. Mag. 13,700. 

Fig. 5. Micrograph of similar material (arrow) shadowed with gold, 12° angle, Mag. 14,000. 


entire width of a single field of a micrograph 
(12 p), may not vary appreciably in width. 
At their ends they taper off gradually into 
slender threads 50 A or less in diameter. The 
unit fibers are all striated or banded, but there 
is some variation in the organization of the 
striae or bands. In many fibers, and more 
especially in those of small diameter, the 
striae are of uniform size and evenly spaced 
at approximately 270 A (Fig. 2). In other 
unit fibers, which are the larger and presum- 
ably more completely formed, the striae are 
compressed into groups of 3 which have an 
over-all length of 650 to 800 A (Fig. 3). 
When thus grouped, the bands show some dif- 
ferences, 2 appearing larger and denser than 
the third. The pattern of these bands is re- 
peated in each group or major period along 
the fiber axis so that not only each period but 
the whole fiber is polarized (Fig, 2 and 3). 

The larger strands of the preparations — 
those that can be seen with the light micro- 
scope — are compound in structure (Fig. I to 
5). They are composed of varying numbers 
of unit fibers, and hence, vary in diameter. 
The size most frequently encountered in these 
preparations is 0.5 fi or less. Usually these 
strands, when not stretched, show the charac- 
teristic periodicity of collagen^-® (640 A) with 
strialions extending across a part or all of 


the bundle. The typical collagen-like stria- 
tion of these compound strands shows 2 prom- 
inent intra-period striae and one less promi- 
nent, in each repeating pattern. The more 
dense striae correspond to the double eleva- 
tion apparent in the image of the metal- 
shadowed, dried fiber. 

In part of the preparations where areas of 
the supporting plastic membrane are e.xposed, 
a fine fibrous component is frequently en- 
countered. This consists of very slender fila- 
ments or protofibrils, 50 to 100 A in diameter, 
which are similar to the ultimate tapered ends 
of the unit fibers. They are usually beaded. 
The distance between the bead varies con- 
siderably, but not infrequently it is about 
270 A, giving them a periodicity similar to 
that in small unit fibers. Presumably these 
protofibrils represent the primary association 
of the collagen macromolecules. 

Neither these fine filaments nor the larger 
unit fibers have been observed in the material 
examined to arise as formed structures from 
cells. 

There is a fourth component of these prep- 
arations that appears as aggregations of even- 

1 Schmitt, F, O., Hall, C. E., and Jakns, M., 
J. Cell, and Comp. Physiol., 1942, 20, 11. 

8 Gross, J., and Schmitt, F. O., J. Exp. ited., 
1948, 88, 553. 
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ly-spaced parallel bands or densities. The 
organization of these is usually in the form 
of a fiber (Fig. 4 and 5), but occasional 
patches of irregular outline have been ob- 
served. The periodicity displayed measures 
as a rule between 1000 to 1100 A. The 
densities in shadorved preparations appear as 
prominent elevations and there may be ex- 
tremely little if any material connecting them. 
There is no evidence of intra-period banding. 
In most of the collagen preparations exam- 
ined, this component has been found scattered 
rather sparsely among the fibers, but it has 
also been observed without associated fibers. 
We are therefore unable to decide w'hether it 
is related in any way to collagen formation, 
but are inclined to the view that it represents 
a component of the connective tissue ground 
substance. 

The available evidence indicates that the 
major fibrous components of these prepara- 
tions, exclusive of tlie last, are collagen. The 
periodicity of the large compound fibers is 
like that of collagen, the fibers resist tryptic 
digestion, and staining technics have identi- 
fied collagen fibers in cultures paralleling these 
used for electron microscopy. 

The sequence of events leading to mature 


fiber formation, while not directly observable, 
can be reasonably reconstructed from the 
character and associations of die various com- 
ponents of any fibrous array. Thus the re- 
lation of the unit fibers to the larger strands 
is clear; they are obviously the component 
units and appear to have come together into 
these parallel arrays much the same as unit 
fibers of fibrin aggregate to produce the larger 
strands of the formed clot.® But the origin 
of the unit fibers is less evident. They arc 
apparently not spun off the cells. Instead, it 
is probable that they are formed, as in fibrin, 
through a lateral association of several proto- 
fibrils and a progressive deposition of molec- 
ular collagen on their surfaces.^® Since the 
more slender unit fibers show a fine even 
periodicity, it appears that the larger collagen 
pattern of die mature fiber is a secondary de- 
velopment. These and other phenomena of 
connective tissue fiber formation will be con- 
sidered more completely in a later report. 

5 Hawn, C. T. Z., .and Porter, K. R., </. Exp. 
Med., 1D47, 80, 285. 

10 Porter, K. R., .and ILawn, C. V, Z., .T. Exp. 
Med., 1P49, 00, 225. 

Received July 5, 1940. P.S.E.B.M., 19I9, 71. 


17242. The Cellular Transfer of Cutaneous Hypersensitivity to Tuberculin 
in Man. 


H. Sherwood Lawrence. (Introduced by William S. TiJIett.) 

From the Department of Medicine, Mew Porfc Vniversity College of Medicine, niirf the Third 
Medical Division of Bellevue Hospital. 


It has been demonstrated by Chase^ that 
transfer of specific cutaneous hypersensitivity 
of the “delayed type” to tuberculin can be 
accomplished in unsensitized guinea pigs by 
the injection of leucocytes isolated from peri- 
toneal exudates produced in sensitized guinea 
pigs. 

It is the purpose of this report to describe 
the transfer of cutaneous hypersensitivity to 
tuberculin in man by the intradermal injec- 

nrHiJse, M. W., Proc. Soc. Ext. Biol, asd Mer., 
1945, 50, 134. 


don of viable leucocytes isolated from the 
peripheral blood of non-tuberculous humans. 

Materials and Methods. Utilizing the 
method of Minor and Burnett- it has been 
possible to isolate and concentrate viable leu- 
cocjdes from human blood by the addition of 
bovine fibrinogen, Fraction I (.Armour), whidj 
accelerates the rate of eiythrocyte sedimenta- 
tion leaving a plasma suspension of leucocytes 

in the supernatant portion. 

2 Minor, A. H., and Biirnrlt. L., T - Bemnlnlngg . 
1948, 7, 799. 
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1. Technic oj obtaining leucocytes. Whole 
venous blood was drawn and placed in sterile 
potato tubes containing 0.4 ml of a 100 
mg % heparin solution for each 10 ml of 
blOTd. The tubes were inverted twice and 
1.0 ml of sterile Seitz filtered bovine fibrino- 
gen, Fraction I (Armour) solution, (contain- 
ing appro.ximately 45 mg fibrinogen per ml) 
was added for each 10 ml of blood and the 
tubes inverted twice. The hqiarinized and 
fibrinogenized blood was then transferred in 
10 ml aliquots to conical centrifuge tubes 
which were placed in a water bath at 37°C 
for 1 hour. At this time the erythrocytes have 
become packed in the lower half of the tube 
and a suspension of leucocytes is contained 
in the supernatant plasma. The latter was 
transferred by capillary pipette to specially 
constructed 10 ml capillary-tip centrifuge 
tubes (Machlett, No. A 17-210) and centri- 
fuged in an angle centrifuge at 3000 RPM 
for 1 hour. The cell-free plasma was then 
decanted and the packed leucocytes (average 
volume packed wet cells from each 10 ml 
plasma suspension = 0.025 ml) were re- 
suspended and washed in either 2.0 ml of 
TjTodes solution (pH 7.8-8.3) or 2.0 ml of 
freshly drawn serum obtained from the tuber- 
culin negative recipient of the cells. The cell 
suspensions were collected from each tube 
and pooled in one capillarj'-tip centrifuge tube 
to a volume of 10 ml and centrifuged again 
at 3000 RPil for 30 minutes. The super- 
natant portion was decanted and the washing 
and centrifugation of the leucorytes was re- 
peated. The supernatant portion of the sec- 
ond washing was decanted, the volume of 
packed leucocxtes read, and then resuspended 
in either 1.0 ml of Tyrodes solution or 2.0 ml 
of serum. This suspension of twice washed 
leucocytes was then injected intradermally 
into the tuberculin negative recipient. 

The inteiA-al between the withdrawal of 
blood and the injection of leucocytes into the 
recipient was usually not greater than 6 hours. 
The leucocytes were not refrigerated or stored 
and rigid sterile technics were observed in 
the procedure described. 

2. Dosage of leucocytes and vehicle for sus- 
pension. Either 60' ml or 100 ml of venous 


blood was obtanied from each tuberculin posi- 
tive donor with normal total peripheral and 
differential leucocyte count. 

The average volume of packed wet leuco- 
cytes isolated from 60 ml whole blood was 
0.07 ml. The leucocytes were twice washed 
with 10 ml of Tywodes solution (pH 7.S-8.3) 
and resuspended in 1.0 ml of Tywodes solu- 
tion for intradermal injection. 

The average volume of packed wet leuco- 
cytes isolated from 100 ml whole blood was 
0.20 ml. The leucocytes were twice washed 
with 10 ml of serum and resuspended for 
intradermal injection in 2.0 ml of serum 
freshly' drawn from the tuberculin negative 
recipient. 

3. Tuberculin Materials Used in Test. The 
subjects were tested with Old Tuberculin 
(O.T.) or Purified Protein Derivative (PPD). 
The leucocyte donors reacted to either 0.1 
ml (1.0 mg) O.T. or to 0.1 ml (0.005 mg) 
PPD intradermally with -r-l— r fo 
-r-f H — r reactions after 48 hours. 'The re- 
cipients of the leucocytes had no reaction to 
either O.T. (1.0 mg) or PPD (0.005 mg) 
intradermally after 48 hours. 

4. Selection of Donors and Recipients. The 
group is comprised of 11 tuberculin negative 
recipients and 5 tuberculin positive donors. 
The donors and the recipients of the leucocytes 
were patients hospitalized on the wards of 
the Third (NYU) Medical Division of Belle- 
vue Hospital or were normal young adults and 
ranged in age from 21 to 65 years. They were 
not suffering from any intercurrent infection, 
were neither cachectic nor myxedematous and 
had no clinical, laboratory or roentgenograph- 
ic e^'idence of active pulmonary or systemic 
tuberculosis. 

5. Method of Leucocyte Transfer. Two 
methods of leucocyte transfer were used. 

a) Prausnitz-Kiistner Passive Transfer of 
Leucocytes. Using the passive-transfer method 
of Prausnitz-Kiistner, 1.0 ml of a TyTode 
suspension of viable leucocytes obtained from 
a tuberculin positive donor was injected in- 
tradermally into the flexor surface of the fore- 
arm of the tuberculin negative recipient. 
.Mter an interval of 18, 24 or 48 hours the 
reaction at the site of cell transfer was 
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ly-spaced parallel bands or densities. The 
organization of these is usually in the form 
of a fiber (Fig. 4 and 5), but occasional 
patches of irregular outline have been ob- 
served. The periodicity displayed measures 
as a rule between 1000 to 1100 A. The 
densities in shadowed preparations appear as 
prominent elevations and there may be ex- 
tremely little if any material connecting them. 

There is no evidence of intra-period banding. 

In most of the collagen preparations exam- 
ined, this component has been found scattered 
rather sparsely among the fibers, but it has 
also been observed ivithout associated fibers. 

We are therefore unable to decide whether it 
is related in any way to collagen formation, 
but are inclined to the view that it represents 
a component of the connective tissue ground 
substance. 

The available evidence indicates that the 
major fibrous components of these prepara- 
tions, exclusive of the last, are collagen. The 
periodicity of the large compound fibers is 
like that of collagen, the fibers resist tryptic 
digestion, and staining technics have identi- 
fied collagen fibers in cultures paralleling these 
used for electron microscopy. 

The sequence of events leading to mature 


Transferred in Man 

fiber formation, while not directly observable, 
can be reasonably reconstruct^ from the 
character and associations of the various com- 
ponents of any fibrous array. Thus the re- 
lation of the imit fibers to the larger strands 
is clear; they are obviously the component 
units and appear to have come together into 
these parallel arrays much the same as unit 
fibers of fibrin aggregate to produce the larger 
strands of the formed clot.** But the origin 
of the unit fibers is less evident. They are 
apparently not spun off the cells. Instead, it 
is probable that they are formed, as in fibrin, 
through a lateral association of several proto- 
fibrils and a progressive deposition of molec- 
ular collagen on their surfaces.*" Since the 
more slender unit fibers show a fine even 
periodicity, it appears that the larger collagen 
pattern of the mature fiber is a secondary de- 
velopment. These and other phenomena of 
connective tissue fiber formation will be con- 
sidered more completely in a later report. 

0 Hawn, C. T. Z., and Porter, K. R., /. Exp. 
Med., 1947, 86, 285. 

10 Porter, K. R., and Hnwn, C. V. Z,, J. Exp. 
Med., 1949, 90, 225. 

Received July 5, 1949. P.S.E.B.M., 1949, TE 


17242. The Cellular Transfer of Cutaneous Hypersensitivity to Tuberculin 
in Man. 


H. Sherwood Laitoence. (Introduced by William S. Tillett.) 

From the Department of Medicine, Kew York University College of Medicine, and the Third 
Medical Division of BeUevve SospHal. 


It has been demonstrated by Chase* that 
transfer of specific cutaneous hypersensitivity 
of the “delayed type” to tuberculin can be 
accomplished in unsensitized guinea pigs by 
the injection of leucocytes isolated from peri- 
toneal exudates produced in sensitized guinea 
pigs. 

It is the purpose of this report to desenbe 
the transfer of cutaneous hypersensitivity to 
tuberculin in man by the intradermal injec- 

' 1 Chase, mTw., Pboc. Soc. Exp. Biol, and Med., 
1945, 50, 134. 


tion of viable leucocj’tes isolated from the 
peripheral blood of non-tuherculous human.s. 

Materials and Methods. Utilizing the 
method of Minor and Burnett- it has been 
possible to isolate and concentrate viable leu- 
cocytes from human blood by the addition of 
bovine fibrinogen. Fraction I (.Armour), which 
accelerates the rate of eiythrocyte .sedimenta- 
tion leaving a plasma suspension of leucocytes 
in the supernatant portion. 

~2 Minor, A. H., and Burnett, D.. J. TTrmalology, 
1948, 7, 799. 




Pig. 2a. 

Indnced Tuberculin Positive Reaction. 
Subject E.K. at 2-1 Iir. 

Site di.sfant from cel! site chailenBed with O.T. 

1.0 mg. 


PiG. 2b. 

Induced Tuberculin Positive Reaction. 

Subject E.K. at 24 hr. 

Cell site challenged with O.T. 1.0 mg. 
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Tuberculin Hypersensitivity Transferred in ^Ian 


TABLE I. 

Cellular Transfer of Cutaneous Tuberculin Hypersensitivit.r to Tuberculin Negative Seoipionts, Using 

the Method of Prausnitz-Kustner. 


Tuberculin 

negative 

recipient 

Tuberculin reaction* i 
at WBC site — 48 hr 

Tuberculin reaction 
distant from WBC 
site — 48 hrs 

Duration of 
induced 
tuberculin 
positive state 

Tuberculin 
status of 
recipient 
at present 

S.D. 


+++ 

>2 mo. 

Unknown 

E.K. 


+ + + 

1 ” 

Negative 

A.G.t 

-i' + + 


1 ” 

y> 

A.G.t 

Not challenged at WBC site 

-1-4- 

1 vrk 

n 

S.P. 

-b-1- 

-b-f-f 

2 

j ? 

N.P. 

+ 4 - 

-b-i — b-b 

>1 mo. 

Unknown 


* Criteria /or reading the intradermal tuberculin reaction; The criteria for reading the intradermal 
tuberculin reaction were the same for all individuals studied: 

(a) Tuberculin Negative Eeaction: Eeeorded when no reaction occurred at the intradermal site of 
P.P.D. 0.1 ml (O.OOo mg) or O.T. 0.1 ml (1.0 mg) after 48 hours. 

(b) Tuberculin Positive Eeaction: Graded according to the severity of the reaction at the intra- 
dermal site of P.P.D. 0.1 ml (0.005 mg) or O.T. 0.1 ml (1.0 mg) after 48 hours, as outlined below: 

.j. — reactions more than 5 mm and not exceeding 10 mm in diameter, showing some redness 

and definite edema. . 

..j.^ reactions more than 10 mm but not exceeding 20 mm in diameter, with an area of redness 

and edema. . , , , , , 

reactions more than 20 mm but not exceeding 30 mm with marked redness and edema. 

I I I ^ — reactions exceeding 30 mm in diameter with marked redness and edema, 
i The tuberculin preparation used throughout this series of observations was Old Tuberculin (O.T.). 
} Same tuberculin negative recipient. 


measured and 'the cell site and a control site 
some distance from the latter were challenged 
with 0.1 ml (1.0 mg) O.T. intradermally. Re- 
actions were read in both sites at IS and 30 
minutes and 24, 48, 72 and 96 hours. Three 
subjects were given additional control intra- 
dermal injections of an equal volume of eryth- 
rocytes and of serum from the same donor 
and the sites challenged as above. 

b) Method of Tuberculin Challenge at a 
site distant from the cell site. A 2.0 ml serum 
suspension of leucocytes was injected intra- 
dermally in the deltoid area of the tuberculin 
negative recipient and after an interval of 
18 hours, only the skin of the forearm was 
challenged noth 0.1 ml (O.OOS mg) PPD 
intradermally. Readings of the tuberculin re- 
action in the forearm were made as outlined 


above. 

6. Control Observations. Three subjects 
were given leucocytes from tuberculin' negative 
donors and challenged with tuberculin in the 
manner described immediately above. These 
subjects remained 'tuberculin negative, subse- 
quently were then given leucocytes from tuber- 
culin positive donors. 

The first recipient, S.D., became tuberculin 
positive at the site of leucocyte transfer but 
not in the control site prepared with donors 


serum nor in a site distant from both above 
sites. After a 16 day interval S.D. was given 
a second injection of leucocytes from the same 
tuberculin positive donor and 24 hours later 
the site of earlier leucocyte transfer, which 
had faded entirely, the new site of leucocyte 
transfer and a site distant from both, were 
each challenged with tuberculin. As is shown 
in Fig. 1, this recipient developed positive 
reactions to tuberculin in the old cell site, 
the new cell site and for the first time in a 
site distant from the cell sites. This was 
the first indication that a systemic as well 
as a local alteration of cutaneous reactivity to 
tuberculin occurred followdng leucocytic trans- 


M1 of the leucocyte recipients who received 
itrol intradermal injections of serum and of 
throcytes from tuberculin positive donors, 
-eloped positive reactions at the site of leu- 
yte transfer but not at the sites of serum 
of erythrocyte transfer when each site was 
Jlenged with O.T. (I.O mg). The nega- 
ty at the sites of serum and erythrocyte 
isfer persisted until general cutaneous 
«rsensitivity to tuberculin appeared. 

'hree recipients (B.H., M.P., R-G.) were 
cted intradermally with leucocytes ob- 
led from tuberculin negative donors in 




Fig. 2a. 

inauced Tuberculin Positive Bcaction. 
o., ,. Subiect E.K. at 24 hr. 

3 0 from cell site challenged with O.T. 


Fig. 2b. 

Induced Tuberculin Positive Reaction. 

Subject E.K. at 24 hr. 

Cell site challenged with O.T. 1.0 mg. 
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TABLE II. 

Cellular Transfer of Cutaneous Tuberculin Hypersensitirity to Tuberculin Negative Recipients, Using 
the Method of Tuberculin Challenge at a Site Distant from the Cell Site. 


Tuberculin 

negative 

recipient 

Tuberculin* status 
of leucocyte donor 

Tolume of 
packed WBC, 
ml 

Tuberculin reaction 
after lyBC transfer 
, a.t 48 hours 

Duration of 
induced 
tuberculin 
positive state 

Tuberculin 
status of 
recipient 
at present 

B.H. 

Negative 

0.04 

0 




Positive 

0.05 

0 




? f 

0.10 

+ 

4 days 

Negative 

M.P. 

Negative 

0.04 

0 




Positive 

0.05 

0 




} > 

0.10 

. + + 

3 mo. 


E.G. 

Negative 

0.20 

0 




Positive 

0.20 

-h+-f-+ 

Unknown 

Positive 

P.O. 

}) 

0.15 

+++ 

>1 mo. 

i t 

S.S. 

J ) 

0.20 

+++ 

>1 ” 

if 

A.S. 

t ) 

0.20 

++ 

>1 ” - 

J 1 


* The tuberculin preparation used throughout this series of observations was Purified Protein Deriva- 
tive (PPD). 


order to determine whether the presence of the 
cutaneous tuberculin hj^iersensitivity of the 
leucocyte donor is necessary for the success- 
ful transfer of that hypersensitivity to the re- 
cipient. In each instance the passive transfer 
of leucocytes obtained from a tuberculin nega- 
tive donor had no effect upon the tuberculin 
reaction of the tuberculin negative recipient. 
However, the subsequent passive transfer of 
leucocytes obtained from tuberculin positive 
donors given to the same three tuberculin 
negative recipients was follo^Yed by the de- 
velopment of cutaneous tuberculin hypersen- 
sitivity in each. 

It appeared possible but unlikely, that the 
manipulation or the materials used in the iso- 
lation and concentration of the leucocytes, 
may have direct^ caused or indirectly con- 
tributed to the transfer of cutaneous hjiier- 
sensitivity to tuberculin. To explore this 
possibility, leucocytes were obtained from a 
tuberculin negative donor (M.P.) and the 
leucocyte suspension injected jntradermally 
into the same tuberculin negative donor 
(H.P.). This procedure had no effect upon 
the cutaneous reaction to tuberculin in this 
individual, whereas the subsequent transfer 
of leucocytes obtained from a tuberculin posi- 
tive donor was followed by the development 
of tuberculin hypersensilhdiy. 


The observations made on subjects (B.H.) 
and (iM.P.) suggest the probable importance 
of the actual amount or dosage of the packed 
leucocytes transferred, in determining the de- 
velopment of tuberculin hypersensitivity in 
the individual recipient. The volume of pack- 
ed leucocytes obtained from a tuber- 

culin positive donor was O.I ml, half of which 
(0.05 ml) was given to tuberculin negative 
recipient (B.H.) and half (0.05 ml) given to 
tuberculin negative recipient (M.P.). Both re- 
cipients remained tuberculin negative when 
subsequently challenged with tuberculin. 
The transfer of leucocytes obtained from 
another -f— f- f tuberculin positive donor was 
repeated, this time O.I ml of packed cells was 
injected into each recipient (B.H. and M.P.). 
Subsequent challenge with tuberculin resulted 
in the development of a positive reaction in 
each recipient. 

Of interest is the phenomenon obserx'cd in 
subject P.O. (Fig. 3). This tuberculin nega- 
tive recipient had no reaction to PPD 
(0.005 mg) for 72 hours and then 6 hours 
after the transfer of leucocytes from a tuber- 
culin positive donor, developed a positive reac- 
tion at the formerly negati\’e PPD site, which 
reached its maximum intensity (-f-f ) <it -IS 
hours. When challenged with PPD (0.005 mg) 
74 hours after leucocyte transfer, this fndivid- 
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Fio. 3. 

Induced Tuberculin Positive Beaction Subject P.O. 

Left: Reaction at 48 hours tPPD-0.005 mg) at site distant from ceil 
site, which had been challenged 24 hours after leucocyte transfer. 

Eight: Reaction at 72 hours (PPD-0.005 mg) at site distant from cell 
site, which had been negative until 6 hours after leucocyte transfer. 


ual developed a positive reaction at the new 
PPD site which reached its maximum intensity 
(+++) 48 hours. The delayed ap- 

pearance of a positive reaction at the site of 
a formerly negative tuberculin test has been 
commented upon by several observers^ and it 
usually occurs secondary to the development 
of a primary tuberculous infection in the in- 
terim between testing and the appearance of 
the positive reaction. There has been no 
clinical or roentgenographic evidence that a 
primary tuberculous infection had occurred 
in subject (P.O.). To substantiate this, is 
the observation that the degree of his induced 
cutaneous hypersensitivity to tuberculin has 
decreased progressively in intensity from a 
(+++) to a (-f) reaction in the month 
following leucocyte transfer. 

The observations tabulated in Table III 
suggest the probable importance of the degree 
of tuberculin hypersensitivity of the leucocyte 
donor, in determining the degree of induced 

3 Darnels, M., tancci, 1943, 245, 600. 


tuberculin hypersensitivity of the individual 
recipient. 

Of the 6 tuberculin negative recipients who 
were followed with repeated tuberculin test- 
ing after conversion to the tuberculin positwe 
state, 5 spontaneously reverted to tuberculin 
negativity after a variable period of 4 days 
to 3 months. 

One of the subjects (A.G.) with induced 
cutaneous hypersensitivity to tuberculin who 
spontaneously reverted to a tuberculin nega- 
tive state, was sensitized again with leucocthes 
obtained from another tuberculin positive 
donor and subsequently became tuberculin 
positive for the second time. This subject 
has since become tuberculin negative again. 

The recipients P.O., S.S., A.S. and R.G., 
with induced cutaneous tuberculin hypersensi- 
tivity of more recent origin, are still tuberculin 
positive at present. However, the degree of tu- 
berculin hjpersensitivity of P.O. and S.S. has 
decreased progressively in intensity from a 
(-j— I— 1 _) to a (-f-) reaction in the month fol- 
lowing leucocyte transfer. The observ'ations 
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TABLE in. 

Degree of Induced Tuberculin Hypersensitivity in Belation to Degree of Hypersensitivity of Leucocyte 

Donor. 


Tuberculin 

positive 

donor 

Degree of 
tuberculin 
hypersensitivity 
of donor 

Tuberculin 
negative 
recipient 
per donor 

Degree of tuberculin 
bypersensitirity 
in recipient following 
TTBC transfer 

Duration of 
tuberculin 
positive state 

Tuberculin 
status 
.at present 



S.D. 

H — b-b 

>2 mo. 

Unknou-n 



E.K. 

-i — (-+ 

1 ” 

Xegative 

D.M. 

-f-b-f 

B.H. 


4 days- 

> > 



:m.p. 

++ 

3 mo. 

} 1 



A.G.t 


1 ” 

) ) 

C.S. 

+ + + + 

• S.P. 

-b-i — b 

2 wk 




X.P. 

-b+-b + 

>1 mo. 

Unknown 

P.B. 

+ + + + 

■A.G.t- 

-b-b 

1 wk 

x^egative 



P.O. 

-b-b-b 

1 mo. 

Positive' 

B.H. 

-b + 'b-b 

s.s. 

-b-b-b 

1 ” 




A.S. 

-b-b 

1 ” 




R.G. 

-b-b -b-b 

Unknown 



* Bach recipient still under observation, 
t Same tuberculin negative recipient. 


made on the recipients with induced cutaneous 
■tuberculin hypersensitivity, who spontaneous- 
ly reverted to a tuberculin negative state, 
indicated 'that the progressive decrease in the 
intensity of the tuberculin reaction was 
followed shortly thereafter by the return to 
tuberculin negativity. 

Discussion. In twelve consecutive instances 
the tuberculin negative recipients of viable 
leucocytes obtained from tuberculin positive 
donors, subsequently developed cutaneous hy- 
persensitivity to tuberculin. When the leuco- 
cytes were obtained from tuberculin negative 
donors, cutaneous hypersensitivity to tuber- 
culin did not subsequently develop in the 
tuberculin negative recipient. 

The cutaneous hypersensitivity to tuber- 
culin following leucocyte transfer is a transient 
phenomenon of 4 days to 3 months duration. 
The induced cutaneous hypersensitivity to 
tuberculin can be produced again in the same 
individual. 

The degree of induced hypersensitivity to 
tuberculin seems to bear a relationship to the 
dosage of leucocytes used and the degree of 
tuberculin hypersensitivity of the leucoc}^e 


donor. 

These observations in man are in agree- 
ment with those made by Chase’^ in the guinea 

pig- ^ ^ 

Summary and conclusions. 1. It has been 
possible to passively transfer in 12 consecu- 
tive instances cutaneous tuberculin hjTiersen- 
sitivity to tuberculin negative human recip- 
ients by means of an intradermal injection of 
viable leucocytes obtained from the blood of 
tuberculin positive human donors. 

2. The effort at the passive transfer of 
cutaneous tuberculin hypersensitivity was un- 
successful when the leucocytes used in the 
transfer were obtained from tuberculin nega- 
tive donors. 

3. The induced cutaneous hjiiersensitivity 
to 'tuberculin is a transient phenomenon of 
4 days to 3 months duration, which can be 
produced again in the same individual. _ 

4. The degree of induced hj-persensitivity to 

tuberculin seems to bear a relationship to the 
dosage of leucocytes used and the degree of 
tuberculin hypersensitivity of the leucocyte 
donor. 

P.S.E.B.M., 1040 , 71. 
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17243. Acetylcholine-Like Action o£ a Product Formed by an Acetj'lating 
Enzyme System Derived from Brain.*‘ 

S. ^MiDDLETONt AND H. H. MiDDEETON. (Introduced by D. Nachmansohn.) 

From the Department of Neurology, Columhia Vniversity, College of Physicians and Surgeons, 

New Yorh City. 


In 1943 Nachmansohn and Machado ex- 
tracted from brain an enajTne, choline acetyl- 
ase, n-hich forms acetylcholine in cell-free so- 
lution using the energy of adenosine triphos- 
phate.^ The acetylation of choline is a com- 
plex reaction requiring for full activity in ad- 
dition to the enzyme system and ATP, the 
substrates choline and acetate, a co-enzjnne, 
K", Ca*'" ions and cysteine.--^ The 

choline ester formed enzymatically, assumed 
to be e.xclusively acetylcholine, was deter- 
mined by bioassay with the rectus muscle of 
the frog. In spite of the intense interest of 
physiologists in acetylcholine, no adequate 
chemical methods were available and investi- 
gators studying the occurrence or formation 
of the ester used by necessity bioassays, which 
are of questionable specificity. 

Recently high yields of choline ester were 
obtained by a purified and concentrated en- 
zyme solution -which was prepared from ace- 
tone dried powder of rabbit brain by fractional 
ammonium sulphate precipitation. These high 
jdelds made possible the determination of cho- 
line ester by a chemical method introduced by 
Hestrin.-* The method is based on the re- 
action of 0-acyl groups -vruth hydroxylamine 
in alkaline medium and may therefore be used 
for the determination of acetylcholine in pres- 
ence of choline and acetate. 

* This investigation was supported hy research 
grants from the Office of Naval Besearch and the 
Division of Besearch Grants and Fellowships of 
the National Institute of Health, H. S. Public 
Health Service. 

1 Bockefeller Poundation Fellow. Present ad- 
dress; Institute of Physiology, University of Chile. 

1 Nachmansohn, D., and JIachado, A. L., Neu- 
rophysiol., 1943, 6, 397. 

= Nachmansohn, D., and Weiss, M. S., J. Biol. 
Chcm., 194S, 173, 677. 

3 Nachmansohn, D., Hestrin, S., and Toripaieff, 
H., J. Biol. Clicm., 1949, 180, 249. 

* Hestrin, S., J. Biol. Chem., in press. 


IVhen tested by bioassay the values of ace- 
tylcholine formed showed a striking discrep- 
ancy -with the figures obtained chemical 
determination. Less than half of the total 
biological activity of the enzymatically formed 
product could be accounted for by the chemi- 
cal method. Consequently, the greater part of 
the effect obtained in the bioassay must be 
attributed to a product which appears to 
have the same biological action as acett'l- 
choline but may be distinguished from the 
latter chemically.® The formation of a bio- 
logically active product is observed in absence 
of added choline, whereas under these condi- 
tions no acetylcholine formation is observed. 

It appeared necessary to ascertain whether 
the product has acetylcholine-like action in 
other biological systems besides that observed 
on the frog rectus. Experiments will be 
described in this paper in which the action of 
the enzymatically formed product, henceforth 
referred to as e.f. product, has been tested on 
the frog heart and on the blood pressure of 
cats. 

The tests of the effect of the product 
on blood pressure w-ere performed on cats. 
The animals -n'ere anesthetized with Dial 
(0.07 - 0.08 g/kilo), injected intraperiton- 
eally. Arterial blood pressure was measured 
in the carotid artery with a mercury mano- 
meter and recorded on smoked paper. The 
compounds tested were injected into the ex- 
ternal jugular vein in a volume of 1 ml. 

For the experiments on the frog’s heart, 
bullfrogs {Ram catcsbciana) were used. 
The hearts were removed and perfused -with 
frog’s Ringer solution according to the method 
of Straub, as modified by Krayer.® Ventricu- 
lar contractions were recorded with an isotonic 
lever attached to the apex of the heart. 

The enzymatically formed product used in 

SKrayer, O., Linstead, B. P., and Todd, D., 
J. Pharm. and Exp. Therap., 1943, 77, 113. 
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Pharjiacologicai. Properties ENzviiATicAELY Formed Product 

TABLE I 


Acetylcholine 


e. f. product 


Decrease of 
blood 


Decrease of 
blood 


:p. No. 

fig ACh 

pressure, 

7o 

Dilution of 
product 

pressure, 

% 

fig ACh 
equivalents/nil 

1 

0.25 

28 

400 

26 

100 

2 

0.2 

22 

400 

23 

80 


0,5 

35 

200 

35 

100 

3 a. 

0.25 

25 

400 

23 

100 

b. 

0.5 

30 

200 

28 

100 . 

4 

0.25 

13 

400 

12 

100 


0.5 

35 

200 

29 

<100 

5 a. 
b. 

0.2 

0.5 

17 

20 

400 

200 

14 

23 

so 

100 

6 a. 

0.2 

20 

400 

24 

so 


0.25 

36 



b. 

0.5 

43 

200 

35 

<100 

7 

0.2 

45 

400 

42 

so 


all the experiments was obtained by incuba- 
tion of the choline acetylating system in a 
reaction mixture as described recently No 
choline was added to the mixture. The blank 
solutions used as controls were aliquot parts 
of the reaction mixture which formed on in- 
cubation the product. The controls were used 
at O time (without incubation), after the en- 
zyme had been inactivated by short boiling. 


Results. A. Action oj product on arlcrkl 
blood pressure of cats. Table I summarizes 
the results obtained in this series of experi- 
ments. In all the experiments performed, the 
e.f. product e.xerted on arterial blood pressure 
a depressor action that closely resembles the 
fall in blood pressure induced by acetyl- 
choline. 

The samples used in Experiments I to 5 



Pro. 1. 

Effect of e.f. Product upon Arterial Blood Pressure. C.at. 
Upper line, arterial blood pressure; second line, inje^ion 
third line, time in 10 sec. Scale on the left: mm HP- 
0 5 uc. 2. e.f. product diluted 1:200. 3. Control dilutofl 1.50. 

Between 3 and 4, atropine sulfate (0.4 mg). 4 ,ond 3, as in 3 and -. 
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TABLE II. 


Effect of the Enzymatically Formed Product on the Amplitude of the Frog Heart Contraction. 
Bioasaay -with frog rectus indicated a content of 30-40 fig ACh eqniTalents per ml of sample. 


Exp. Ho. 

Acetylcholine 


e. f . product 

tig -^Ch 

Decrease of 
amplitude, 

% 

Dilution of 
product 

Decrease of 
amplitude, 

/O 

ACh 

equivalents/ml 

1 

0.01 

60 

4000 

66 

50-60 


0.02 

78 




O 

0.025 

58 

1600 

48 

>40 

3 

0.05 

no 





0.1 

40 

1600 

20 

80 

4 

0.05 

32 

2000 

32 





1600 

40 

100 

5 

0.05 

35 

1600 

37 

SO 



40 

800 

50 


6 

0.1 

50 

800 

43 



0.3 

64 

400 

50 

40-60 




200 

OS 


7 

0.025 

60 

1600 

63 

50'-60 


0.05 

82 





were derived from the product of the same 
experiment, 4 to 7 from another experiment. 
Compared with bioassay on frog rectus the 
values obtained were higher, although in the 
same order of magnitude. The figures in all 
experiments indicate strikingly good constan- 
cy. It may be noted that experiments 6 and 
7 were carried out about 2 weeks later. Dur- 
ing this interval, however, no loss of acthity 
seems to have occurred. 

It was also obsen'ed that the depressor ac- 
tion of the e.f. product is regularly suppressed 
by atropine in doses sufficient to abolish the 
depressor action of acetylcholine. 

Fig. 1 shows a tj^pical experiment. It can 
be observed that a dose of e.f. product (at 1) 
and of acetylcholine (at 2) which elicit a 
marked fall of blood pressure before atropine, 
becomes completely ineffective once the 
animal has been atropinized (5 and 6). The 
injection of a control solution at 3 does not 
modify the level of blood pressure. 

B. Action of product on the frog's heart. 
The results obtained are summarized in Table 
II. In 7 experiments carried out the e.f. 
product given in adequate concentrations pro- 


duced depression of the activity of the heart, 
similar to that elicited by the administration 
of acetylcholine. The depressor action affec- 
ted primarily the amplitude of the cardiac 
contractions, the frequency being only slightly 
decreased if at all. 

The figures of Table II show that the con- 
centration of the e.f. product in the samples 
used is fairly constant, as estimated by their 
action on the frog's heart. It fluctuates be- 
tween 40 and 80 of acetylcholine equival- 
ents per ml in one sample (1 and 2), be- 
tween 40 and 100 ng per ml in the second 
sample used (3 to 7). 

The cardiodepressor action of the e.f. 
product was regularly blocked by atropine in 
concentrations sufficiently high to abolish the 
cardiodepressor. effects of acetylcholine. 

The record in Fig. 2 is t\-pit^al of this series. 
At 1 and 2, e.f. product and at 3 acetyl- 
choline, produce a marked decrease in the 
amplitude of cardiac contractions. At 4 a 
control solution is used; no effect on cardiac 
activity is obtained. The heart is then atrop- 
inized and at 5 and 6, e.f. product and acetyl- 
choline are applied again as in 2 and 3; the 
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FK3. 2. 

Effect of e.f. Product upon the Ventricular Con- 
tractions of tlie Frog Heart. 


1. e.f. product diluted 1:100. 2. e.f. product 
diluted l:o0. ,1. ACh 0,3 ;ig, 4. Control diluted 
1:50. 4 .and 5. Atropine sulfate 1 mg/liter. 5. ACh 
as in 3. G. e.f. product as in 2. 

effect on tlie heart is now abolished. 

Summary. The pharmacological proper- 
ties of an enzymaticallj' formed product de- 
scribed recently by Nachmansohn, Hestrin 
and \'’oripaieff have been tested. This product, 
obtained in the choline acetylating system de- 
rived from brain extracts, is distinctly different 
from acetylcholine but has an acetylcholine- 
like action in the bioassay with frog rectus. 

In the present paper the acetylcholine-like 
action of the product has been confirmed and 
extended. The product decreases the arterial 
blood pressure of cats and the amplitude of 
the isolated frog heart in the same way as 
acetjdcholine. Atropine regularly suppresses 
both actions. 

We wish to thank Dr. D.uvid Nachmansohn for 
suggesting this research and for his interest and 
encouragement, and to Dr. S. R. Korey for pro- 
viding the e.f. product. 

Received July 1, 1949! P.S.E.B.JI., 1949, 71. 


17244. New Substrates for Cholinesterases. 

E. Albert Zeller,! Gerard A. Fleisher, Robert A. McNaughton and John S. 
ScHWEPPE. (Introduced by Charles F. Code.) 

From the Mayo Foundaiion, Fochester, Ifinn. 


In previous reports it has been shown that 
the cholinesterases (ChE) of snake venoms^"’ 
and of human erythrocytes®'^ catalyze the hy- 
drolysis of noncholine esters such as ethyl 

t On leave from the University of Basel, Switz- 
erland. 

1 ZeUer, E. A., Mclvet. physiol, pharmacoi. acta, 
1948, O, C36. 

a Zeller, E. A., and Utz, B. C., Bclvct. chim. 
acta, 1949, 82, 338. 

3 ZeUer, E. A., Fleisher, G. A., and McNaughton, 
R. A., Fed. Ptoc., 1949, 8, '208. 

•1 McNaughton, R. A., and Zeller, E. A., Proc. 
Soc. Exp. Biou A.VD Med., 1949, 70, 165. 


chloroacetate and /?-chIoroethyJ acetate. Since 
both enzymes are typical members of the 
e-group of cholinesterases,’’ the former assump- 
tion that the e-ChE was unable to attack non- 
choline ester, therefore, should be discarded. 
Thus, a wide field for the search for new 
substrates of the e-ChE has been opened. 

Methods. Esterase activity was measured 
by* the usual manometric procedure.* In 
each case tests were also run without sub- 

•Twelfth communication : Zeller, E. A.. J/c/tci. 
chim. aria, 1949, 82, 484. 
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TABLE I. 


Enzymatic Hydrolysis of a Mixture of Acetylcholine and Ethoxyethanoi Acetate.* 


Substrates 

Cone, of substrate 

Q 

Qacs -f- Qnti 

QlCh -f- E14 

ACh 

.005 yt 

3,730 

7,490 

5,600 

EtA 

.05 JI 

1,760 



ACh 

.005 M 

5,730 

8,630 

5,080 

EtA 

,20 if 

2,900 



ACh 

,01 if 

4,700 

6,460 

4,190 

EtA 

,03 if 

1,760 



ACh 

,01 if 

4,700 

7,600 

4,840 

EtA 

.20 M 

2,900 




• 0.1 ml of purified erythrocyte ChE, 1.0 ml total volume. 


strates and without enzymes, and all results 
recorded in this paper w’ere obtained by sub- 
tracting the corresponding blanks. They are 
expressed in terms of Q, which gives the 
number of microliters of carbon dioxide 
evolved from bicarbonate-Ringer per hour 
per milligram of venom or per milliliter of the 
enzyme solution. 

Sources of e-ChE were dry snake venoms 
(from the family of the Colubridae) and 
human erythrocytes. The latter were washed 
4 times with saline solution and then hemo- 
lyzed with 5 volumes of distilled water. The 
hemolyzed cells were centrifuged at 8,800 g 
until a reddish precipitate separated. The 
supernatant was discarded and the precipitate 
was resuspended in water; this procedure was 
repeated 6 to 8 times until the supernatant 
was clear. The orange-red precipitate con- 
tained 50 to 60% of the original ChE 
activity of the erythrocytes. This prepara- 
tion will be referred to as "purified erythrocyte 
ChE.” 

In the venoms® and in the purified erythro- 
cyte ChE preparation no indication of the 
presence of an ‘‘ali”-esterase appeared. The 
activity toward methyl butyrate, which is 
found in hemolyzed erythrocytes, completely 
disappeared after purification. Thus, when 
both preparations attack an ester, it is hi^ly 
probable that the e-type of ChE is responsi- 
ble for this reaction. The sensitivity toward 
eserine and caffeine® and, when possible com- 
petition experiments with acetylcholine were 
used to check this conclusion. 

c Zeller, E. A., and Bissegger, Alfred, Selvet. 
ehim. acta, 1943, 20, 1619, 


Results. A. Ethoxyethanoi Acetate {EtA). 
This glycol derivative is easily attacked by 
the venoms of Kaia mtlanoleuca Qeia = 

I, 720) and Haps jrontalis {Qe(a = 170), 
using a substrate concentration of O.I M. 
Eserine (0.2mM) gives complete inhibition. 
Purified erythrocyte ChE also catalyzes the 
hydrolysis of ethoxyethanoi acetate. In all 
cases acetylcholine competed with the non- 
choline ester, as is seen from the results 
listed in Table I, The same substance is 
also hydrolyzed by human serum, a rich 
source of s-ChE (“pseudo” or “unspecific” 
ChE). Using a purified erythrocyte ChE 
and diluted human serum of a similar activi- 
ty toward acetylcholine (Qacs), the first en- 
zyme preparation catalyzes the ethoxyethanoi 
acetate much more rapidly than the s-tj^pe, 
in spite of the fact that the affinity between 
the substrate and the two enzymes is of the 
same order (compare with Michaelis constant. 
Fig. 1). Since human serum contains some 
“ali”-esterase activity" w’-hich probably is 
partly responsible for the hydrolysis of the 
nonchoJine ester, the ratio might be even more 
in favor of the e-type. 

B. Desoxycorlkosterone Acetate {DOCA). 
The extremely low solubility of this substance 
in water prevented any rapid reaction. The 
substance was added to the reaction vessels 
in dry form. Venom from Naia melanoleuca 
(Qacs = 30,800)® produced an easily readable 
hydrolysis (Qdoca ~ 8.7). Eserine (0.2 mM) 
inhibited this reaction 90%. Even purified 
eiythrocyte ChE caused a considerable hy- 

7 Adazns, D. H., and Whittaker, T. P., Biocticm. 

J . , 1949, 44, 62. 
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5 6 

Fia. 2 . 

Effect of c.f. Product upon tlie Vontricular Con- 
tractions of tlic Frog Heart. 


1. e.f. product diluted 1:100. 2. e.f. product 

diluted 1:50. 3. ACh 0.3 fig. 4. Control diluted 
1:50. 4 and 5. jVtropino sulfate 1 nig/litcr. 5. ACh 
as in 3. 6. c.f. product as in 2. 

effect on the heart is now abolished. 

Summary. The pharmacological proper- 
ties of an enzymatically formed product de- 
scribed recently by Nachmansohn, Hestrin 
and Voripaieff have been tested. This product, 
obtained in the choline acet 3 dating system de- 
rived from brain e.vtracts, is distinctly different 
from acetylcholine but has an acetylcholine- 
like action in the bioassay with frog rectus. 

In the present paper the acetylcholine-like 
action of the product has been confirmed and 
e.vtended. The product decreases the arterial 
blood pressure of cats and the amplitude of 
the isolated frog heart in the same wa}' as 
acetylcholine. Atropine regularl}'- suppresses 
both actions. 

We wish to thanh Dr. D.avid N.ucliniansohn for 
suggesting this research and for his interest and 
encouragement, and to Dr. S. K. Korey for pm- 
viding the e.f. product. 

Received July 1, 1949. P.S.E.B.M., 1P43, tT. 


17244. New Substrates for Cholinesterases. 

E. Albert Zeller,! Gerard A. Fleisher, Robert A. McNaughton and John S. 
ScHWEPPE. (Introduced by Charles F. Code.) 

From the Mayo Foundation, Rochester, Minn. 


In previous reptorts it has been shown that 
the cholinesterases (ChE) of snake venoms^-'' 
and of human erythrocytes^’'* catalyze the hy- 
drolysis of noncholine esters sudi as ethyl 

t On leave from the University .of Basel, Switz- 
erland. 

1 Zeller, B. A., Uelvet. physiol, pharmacol. acta, 
1948, 0, C36. 

2 Zeller, E. A., and Utz, D, C., HcIi'Ct. chim. 
acta, 1949, 82, 338. 

3 Zeller, E. A., Fleisher, G. A., and JIcKaughton, 
R. A., Fed. Proc., 1949, 8, 2G8. 

< McKaughton, R. A., and Zeller, E. A., Proc. 
Soc. Exp. Biot., and Med., 1949, 70, 165. 


chloroacetate and /3-chhroethyl acetate. Since 
both enzymes are typical members of the 
e-group of cholinesterases," the former assump- 
tion that the e-ChE was unable to attack non- 
choline ester, therefore, should be discarded. 
Thus, a wide field for the search for new 
substrates of the e-ChE has been opene 


llcf/ioas. Esterase activity was measur^ 
the usual manometric procedure. In 

h case tests were also run without sub- 
chim. acla, mit. W. 

Twelfth communication: Zeller, E. ^ 

, ncta. J940, 32, 484. 
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TABLE II. 


Hydrolvsis of Phenyl Acetates in the Presence of Various Cholinesterase Preparations. 


Source of ChE 

Type 

QiCb 

Substrate 

Q 

Q 

substrate 
-}- 0.2 mM 
eserine 

Vcaom of Bungarus fasciatusi 

e 

23,000 

Phenvl acetate, .002 M 

16,200 

0 

Hemolvzed ervthrocvtest 

e 

11,750 

” ” .002 M 

7,230 

0 

Plasma* 

s 

6,500 

” ” .002 M 

117,000 

102,000 

Purified ervthrocvte ChE$ 

e 

12,000 

Acetylsalicvlic acid, .06 M 

160 

0 

Venom of Xaia mclanoleueall 

e 

30,800 

” .08 M 

650 

0 

Purified erythrocyte ChEX 

e 

5,550 

p-Xitrophenyl acetate, .003 

2,680 



Total volume in all cases = 1 ml. 

* 0.002 ml of heparinized human plasma, 
i 0.02 mg of dry venom, 

t 0.1 ml of -washed and hemolyzed erythrocytes; washed 3 times with saline solution and hemolyzed 
■with 3 volumes of distilled water. This suspension -was diluted with 9 volumes of “Kinger-30,” 

5 0.3 ml (c/. “Methods ”)• 

li 1 mg of drv venom. 

T 0.025 ml. 


choline is the physiologic substrate of the 
e-ChE. 

Summary. e-Cholinesterase (“true” cholin- 
esterase) from human ery-throcytes and snake 
venoms is capable of catalyzing the hydroly- 
sis of etho.yy-ethanol acetate, desoxycorticos- 


terone acetate, ketopropanol acetate, phenyl 
acetate, p-nitrophenol acetate and acetylsalic}*- 
lic acid. The first mentioned ester is attacked 
more effectively by e-cholinesterase than by 
s-cholin^terase (“pseudo”-cholinesterase) . . 

Received June 10, 1949. P.S.E.B.M., 1949, 71. 


17245. Mobilization of Radioactive Sodium from the Gastrocnemius 
Muscle of the Dog.*‘ 

Peter W. Stone< and William B. Milmr, Jr.J (Introduced by J. V. Warren.) 
From ihe Whitehead Department of Surgery, Emory University, Atlanta, Ga. 


The experimental study reported here was 
based on the clinical application of intra- 
muscular injection of radioactive sodium 24 
in studies of peripheral vascular disease by 
Elkin et al.^ This technic and the inferences 

* This investigation was supported in part by 
research grants from the XT. S. Public Health 
Service, and the Medical Department of the U. S. 
Army. 

t Besearch Pellow, Whitehead Department of 
Surgery. 

{ Electronics Consultant, Whitehead Depart- 
ment of Surgery. 

1 Elkin, D. C., Cooper, F. W., Jr., Rohrer, B. H., 
Miller. W. B., Jr., Shea, P. C., Jr., and Dermis, 
E. V'., Surg., Gynec. and Ohst., 1948, 87, 1; 
Cooper, F. W., Jr., Elkin, D. C., Shea, P. C., Jr., 
.ami Denms, E. W., ibid., 1949^ 88, 711. 


drawn from the results of those studies are 
predicated upon the disappearance of the 
radioactive sodium by wa}' of the blood 
stream. However, the possibility existed that 
a portion of the sodium was being removed 
by the Ijmiphatic system, A further consid- 
eration was that the isotope might diffuse 
along intramuscular planes, thereby remov- 
ing itself from the range of the Geiger-Mueller 
counter, in which event it would erroneously 
appear that the sodium had been removed by 
the circulating blood. The studv reported 
here was undertaken, therefore, to determine: 

( J) The role of the lymphatics in the mobil- 
ization and removal of intramuscularly in- 
jected radioactive sodium. 

(2) A means of quantitative estimation of 
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New Substrates for Cholinesterases 


Eniynatlc Hjrdrolytl. «f a.El^oxyt(hyl lutalc 
I CjHs-O-CHjCtte-O-COCH) I 



001 0.1 1 0 
Lo^ molar conc<inty'Qt.ion of yS-Gthoxyethyl acetate 


riG. 1. 

Hydroljsis of cthoxyethyl acetate in the pres- 
ence of human serum and purified erythrocyte 
cholinesterase; 0.1 ml scrum, 0.1 ml purified ery- 
throcyte QiE, total volume 1.0 ml. Reaction 
velocitj’ expressed in percentage of the reaction 
velocity caused by 0.01 H acetylcholine. Ej, rep- 
resents the substrate concentration tvhich produced 
half of the maximal reaction velocity. 

drolysis of this ester (Qdoca = 48). On ac- 
count of the enormous difference between Qacs 
and Qdoca no competitive experiments with 
a mixture of acetylcholine and DOC.\ W’ere 
attempted. 

C. Ketopropanol Acetate {KPA). This 
substance, ivhich, like DOC.'V, is a keto-al- 
cohol ester, w'as attacked by the ester of the 
venom of Bjingarus jasciatus (Qacs = 


yellow color, due to the liberation of free p- 
nitrophenol.* 

Coniment. Besides acetylcholine the ace- 
tates of very different hj'drox}-! derivatives 
are hydrolyzed by e-cholinesterase (‘‘true” 
or "specific” ChE). Acetyl derivatives of un- 
substituted aliphatic alcohols and halogen- 
ated alcohols have been mentioned previous- 
ly^i.s,^ while in the present paper representa- 
tives of keto-alcohols, poly-alcohols, steroid 
alcohols and phenols have been added to the 
list of the noncholine substrates of e-ChE. 
On the other hand, much less variation is 
possible on the part of the acyl group, as has 
been pointed out by the preliminary results 
obtained by Bovet Nitti,® by .‘\dams and 
Whittaker® and by our laboratory. Of the 
unsubstituted aliphatic acids acetic acid gives 
the best results, while acids wdth more than 
3 carbon atoms are not as w’ell hydrolyzed. 
This behavior separates the e-ChE from the 
s-ChE (‘‘pseudo”-ChE) and from the “ali”- 
esterase, because these latter enzymes are 
active toward esters of acids with more than 
3 carbon atoms. At the present time the 
e-ChE can be considered to be an acetyiester- 
ase (e-acetylesterase) rather than a choVm~ 
esterase. 

The ability of the ChE of human en'thro- 
cytes to split acetylsalicylic acid and deso.xj'- 
corticosterone acetate.maj'' play a role in the 
liberation of the corresponding hydroxyl de- 
rivatives after the therapeutic application of 


25,000).® At 0.2 M concentration the reac- 
tion velocity was Qkpa = 705. Eserine 
(0.2 mM) and caffeine (0.1 M) depressed the 
rate 100 and 64 per cent respectively. 

D. phenyl Acetates. Phenyd acetate (PA) 
and various derivatives are hydrolyzed rapidly 
by preparations of e-ChE and s-ChE (Table 
II). Like another noncholine ester, ethyl 
chloroacetate,'' the hydrolysis of phenyl acetate 
is inhibited by eserine only in tlie presence of 
e-ChE, but not in the presence of human 
serum. The very rapid hydrolysis of p-nitro- 
phenj'l acetate by various snake venoms, by 
purified erythrocytes ChE and by human 
serum, and the inhibition of this reaction by 
the addition of eserine and acetylcholine can 
easily be followed by the development of the 


these and similar substances. 

The fact that under certain ph 3 ’siologic and 
pathologic conditions the ChE activitj' of a 
given tissue changed has previoush’’ led to far- 
reaching hj'potheses concerning the presence 
of acetylcholine. Later, similar assumptions 
were restricted to the e-ChE. In the light 
of our present results even this latter con- 
clusion can no longer he held. Unless new 
evidence is produced, no enzymologic ctu^ 
are available at p resent to show that a cejyi- 
neet.itc a^deriwlives 
thereof for the colorimetric dctermioot.oB of CliL 

will be (lieousscd clfomhcrc. ansn 

K-finvet T4itti, F., Expcrimtia, Ifi-l', — ■ 

,7., lots, -t.t, -xii'. 
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TABLE n. 


Hydrolvsis of Ehenxl Acefaffea, \-o fhe Piesgnee of Vanous ChoUnestetase Prgyatatlous. 


Souite of ChE 

Type 

Qicn 

Substrata 

Q 

Q 

substrate 

-|-0.2mM 

eserine 

Venom of Sungarus fasciaiusi 

e 

25,000 

Phenvl acetate, ,002 M 

16,200 

0 

Hemolvzed ervthrocytesf 

e 

11,750 

” ” .002 M 

7,250 

0 

Plasma* 

s 

6,300 

” .002 M 

117.000 

102,000 

Purified crvttrocvte ChE$ 

e 

12,000 

AcetvlsalicvHc acid, .06 M 

160 

0 

Venom of Xaia mcfanoleucail 

e 

30,800 

” ” .08 M 

650 

0 

Purified erythrocyte ChEf^ 

e 

5,550 

p-Jfitrophenyl acetate, .003 M 

2,680 



Total Tolume in all cases = 1 ml. 

* 0.002 ml of hepaTinized human plasma. 

1 0.02 mg of drr venom. 

t 0.1 ml of vrashed and hemolvzed errthrocytes; washed 3 times with saline solution and hemolyzed 
with 3 volumes of distilled water.’ This suspension was diluted with 9 volumes of “Binger-30. ” 

$0.3 ml (e/. “Methods”), 
li 1 mg of drv venom. 

0.025 ml. 


choline is the phvsiologic substrate of the 
e-ChE. 

Summary. e-Cholinesterase (“true” cholin- 
esterase) from human er\throc\-tes and snake 
venoms is capable of catalyzing the hydroly- 
sis of etho.vj'ethanol acetate, desoxycorticos- 


terone acetate, ketopropanol acetate, phenyl 
acetate, p-nitrophenol acetate and acetylsalicy- 
lic acid. The first mentioned ester is attacked 
more effectively by e-cholinesterase than by 
s-cholinesterase (“pseudo”-cholinesterase) . 

Beceived June 10, 1949. P.S.E.B.M., 1949, 71. 


17245. Mobilization of Radioactive Sodium from the Gastrocnemius 
Muscle of the Dog.^ 

PzTEn \V. STON-Et AND WiLLiA.M B. hliti-ER, jR.t (Introduced by J. V. Warren.) 
Front the Whitehead Department of Surgery, Emory University, Atlanta, Ga. 


The e,\perimental study reported here was 
based on the clinical application of intra- 
muscular injection of radioactive sodium 24 
in studies of peripheral vascular disease by 
Elkin e£ al.^ This technic and the inferences 

* This investigation was supported in part hy 
leseaith grants from the E. S. Public Health 
Service, and the Medical Department of the H. S. 
Army. 

f Eesearch Fellow, IVhitehead Department of 
Surgery. 

t Electronics Consultant, Whitehead Depart- 
ment of Surgery. 

1 Elkin, D. C,, Cooper, F. W., Jr., Bohrer, B. H., 
Miller. W, B., Jr., Shea, P. C., Jr., and Deniris, 
E, W., Surg.. Gynec. and Oist., 19i8, 87, 1; 
Cooper, P. W., Jr., Elkin, D. C., Shea, P. C., Jr., 
and Dennis, E. W., ibid., 19^9, 88, 711. 


drawn from the results of those studies are 
predicated upon the disappearance of the 
radioactive sodium by tvay of the blood 
stream. However, the possibility e.visted that 
a }>ortion of the sodium was being removed 
by the hunphatic system. A further consid- 
eration was that the isotope might diffuse 
along intramuscular planes, thereby remov- 
ing itself from, the range of the Geiger-Mueller 
counter, in which event it would erroneously 
appear that the sodium had been removed b 3 >' 
the circulating blood. The study reported 
here was undertaken, therefore, to determine: 

(J) The role of the lymphatics in the mobil- 
ization and removal of intramuscularh* in- 
jected radioactive sodium. 

(2) A means of quantitative estimation of 
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MoBimATioN Of Sommi 24 in Dogs 


TABLE I. 

riiT-io /.Ml V f Lt, Analysis of Chj’le for Badioactive Sodium. 

_ Ch;le collected from thoracic duet fistulas a fter injection of iaotope into the g.istrocucmiii.s muscle. 


Dog 


1 * 

2 * 

3 

4 

5 

6 


kg Age of fistula 


11-3 1 day 

20.0 Immediate postoperative 

20.0 8 days 

8.1 1 day 

10.4 1 day 

11.3 1 day post thoracic duct cannulization 

10.0 1 day 


Chyle 

collected, 

cc 

Time of 
collection, 
hr 

Sodium 

injected, 

microciiries 

92 return 

30 

1.5 

10 

<1 

15 

2.5 

5i 

<1 

30 

3 

10 

<1 

12 

3 

10 

<1 

42 

3 

2d 

1.1 

16 

3.25 

13 

0.75 

12 

1.5 

19 

<1 


* -Anesthetized. 

t Injection in left hind and forelegs. 


radioactive sodium in the blood draining from 
the injection site. 

Rote of Lymphatics. The route of egress 
of any material injected into muscle must be 
either lymphatic or vascular. Therefore, this 
portion of the experiment was undertaken to 
determine if appreciable quantities of the 
radioactive material could be found in lymph 
collected from the injected extremity. Al- 
though thoracic duct lymph contains lymph 
from both lower extremities, abdominal vis- 
cera, and the left upper extremity, the ad- 
ditional volume and added metabolites found 
in thoracic duct lymph would not invalidate 
the accuracy of the counting methods as the 
presence of the radioactive material could be 
detected regardless of its dilution. Accord; 
ingly, 7 dogs were subjected to operation: 
thoracic duct fistulas were made in 6, using 
a modified Biedl technic;^'® one additional 
animal was subjected to thoracic duct can- 
nulation. 

Procedure. A longitudinal incision was made 
along the course of the external jugular vein 
with ligation and division of all tributaries. 
The thoracic duct was identified as it entered 
the external jugular vein approximately at 
its junction with the left subclavian vein. 
Identification of the duct was facilitated fay 
feeding the dog one pint of milk and cream 
30 minutes prior to operation. 

The subclavian and innominate veins were 

2 Biedl and DeCastello, V., Pfiuegers Arch., 
1901, 80. 239, cited by Lee, F. C., Bull. Johns 
SopMus Sosp., 1622, 33, 21, 

3 Markoiritz, J., Textbook of experimental sur- 
gery, Willmm 'VCood .ind Co., B.lltimore, 193*. 


tied and divided below the point of entrance 
of the thoracic duct, leaving a segment of the 
external jugular to be used as a conduit to 
the outside. The vein segment was sutured 
to the skin, care being taken not to angulate 
it. A soft rubber catheter was introduced into 
the fistula and sutured in place; usually the 
catheter fell away on the first postoperative 
day. 

As it was desirable to collect the chvie from 

* • 

the unanesthetized, ambulatory animal, the 
following method was devised for this pur- 
pose: At the conclusion of the operative 
procedure, a finger cot, vdth the end cut off, 
was sutured around the mouth of the fistula. 
On the folloufing day, ivith the animal up 
and about, another cot rsAs attached by means 
of Michel clips to the rim of the previously 
sutured finger cot. This provided a sac into 
which chyle could drain and which could be 
changed at periodic intervals. 

In one additional dog a polythene cannula 
was placed in the duct. To protect the can- 
nula, a plaster jacket was placed about the 
animal’s upper thorax, and windows were cut 
for the cannula and front legs. 

Following the animal's recovery from an- 
esthesia intravenous pentobarbital sodium 
(Nembutal, Abbott), a 0.1 to 0.2 cc solution 
of sodium chloride containing 5 to 20 micro- 
curies of radioactive sodium 24 was injected 
into one of the gastrocnemius muscles. The 
animal was then encouraged to move about 
the laborator)’, and the thoracic duct lymph 
^vas collected for a variable period of time, 
ranging from 1)4 to 3 fd hours. The relative 
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Proximal fejn. 
Tier’ve 

/ pjo'CQ.vy and 



Fig. 1. 

c. Geiger-Mneller comster in position to record disappearance of radioactive sodinm from 
site of injection. The femoral nerve, arterv and vein are lying above the tightened wire which 
has compressed and ocdnded the venous collateral vessels. 

6. Belationship of transfusion and collecting cannulas in the femoral vein. 


amount of radioactive sodium present in the 
collected hunph tras determined. 

-As a control, an amount of radioactive so- 
dium equal to that injected vras added to a 
volume of vrater equal to the volume of chide 
collected, and the relative amount of radio- 
active sodium determined. Correction ivas 
made for background radiation, and the rela- 
tive amounts of sodium in the collected and 
in the control specimens ivere compared and 
expressed in percentage form. 

The results of these e.vperiments are record- 
ed in Table I. The 2 anesthetized dogs are in- 
cluded for the purpose of comparing volume 
of Soiv in the anesthetized and unanesthetized 

animals. 

'Role of the Capillary and Venous Systems. 
The radioactive sodium content of blood re- 


turning from the gastrocnemius muscle -was 
studied in 9 dogs. In 2, the procedure was 
repeated in the opposite leg after an interval 
of at least 5 dai-s. Therefore, a total of 11 
studies was made. 

Procedure. With the animal under intra- 
venous pentobarbital sodium anesthesia, a 
longitudinal incision vras made over the fem- 
oral nerve, arteri' and vein. These struc- 
tures were isolated, and a malleable copper 
wire placed beneath them and brought around 
the thigh so as to completely encircle it. On 
tightening the wire, all vessels of the leg, 
with the e.vception of the femorah were com- 
pressed; therefore, any sodium being mo- 
bilized at the capillaiy loop and returning to 
the general circulation had to pass cqihalad 
via the femoral vein. 

-A Geiger-Mueller counter connected to a 
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SIOBILIZATION OF SODIUM 24 IN DoGS 


TABLE I. 

II * j it Analysis of Cihyle for Badioactive Sodium. 
Chyle collected from thoracic duet fistulas after injection of isotope into tlic 


Dog IFt, kg 


Ago of fistula 


11.3 
20.0 
20.0 

8.1 

10.4 
11.3 
10.0 


* Anesthetized. 

i Injection in left hind and forelegs. 


Chyle Time of 

collected^ collection, 
cc hr 


1 day 30 

Immediate postoperative 15 

8 days SO 

1 day 12 

1 day 42 

1 day post thoracie duct cannuliiation 16 
I day 12 


1.5 

2.5 
3 

3 

3 

3.25 

1.5 


gastronicniiiis nni sclc. 

Sodium 

injected, 

microcuries ',1- return 


10 

<1 

5i 

<1 

10 

<1 

10 

<1 

15 

1.1 

13 

0.75 

19 

<1 


radioactive sodium in the blood draining from 
the injection site. 

JZole of Lymphatics. The route of egress 
of any material injected into muscle must be 
either lymphatic or vascular. Therefore, this 
portion of the experiment was undertaken to 
determine if appreciable quantities of the 
radioactive material could be found in lymph 
collected from the injected extremity. Al- 
though thoracic duct Ijunph contains lymph 
from both lower extremities, abdominal vis- 
cera, and the left upper extremity, the ad- 
ditional volume and added metabolites found 
in thoracic duct lymph would not invalidate 
the accuracy of the counting methods as the 
presence of the radioactive material could be 
detected regardless of its dilution. Accord; 
ingly, 7 dogs were subjected to operation: 
thoracic duct fistulas were made in 6, using 
a modified BiedI technic;^-® one additional 
animal was subjected to thoracic duct can- 
nulation. 

Procedure. A longitudinal indsion was made 
along the course of the external jugular vein 
with ligation and division of all tributaries. 
The thoracic duct was identified as it entered 
the external jugular vein approximately at 
its junction with the left subclavian vein. 
Identification of the duct was facilitated by 
feeding the dog one pint of milk and cream 
30 minutes prior to operation. 

The subclavian and innominate veins were 

SBiedl iind DeCastello, ~V., Arch., 

1901. 80, 259, cited by Lee, F. C,, BuJl Johns 
JJopicins Bosp., 1922. S3, 21. 

sMarkovritz, J., Textbook of experimental sur- 
gery, tVilliam Wood .and Co., Baltimore, 193". 


tied and divided below the point of entrance 
of the thoracic duct, leaving a segment of the 
external jugular to be used as a conduit to 
the outside. The vein segment was sutured 
to the skin, care being taken not to angulate 
it. A soft rubber catheter was introduced into 
the fistula and sutured in place; usually the 
catheter fell away on the first postoperative 
day. 

As it was desirable to collect, the chyle from 
the unanesthetized, ambulatorj’’ animal, the 
following method was devised for this pur- 
pose; At the conclusion of the operative 
procedure, a finger cot, with the end cut off, 
was sutured around the mouth of the fistula. 
On the following day, with the animal up 
and about, another cot was attached by means 
of Michel clips to the rim of the previously 
sutured finger cot. This provided a sac into 
which chyle could drain and which could be 
changed at periodic intervals. 

In one additional dog a polythene cannula 
was placed in the duct. To protect the can- 
nula, a plaster jacket was placed about the 
animal’s upper thorax, and windows were cut 
for the cannula and front legs. 

Following the animal’s recovery from an- 
esthesia, intravenous pentobarbital sodium 
(Nembutal, Abbott), a O.I to 0.2 cc solution 
of sodium chloride containing 5 to 20 micro- 
curies of radioactive sodium 24 was injected 
into one of the gastrocnemius muscles. The 
animal was then encouraged to move about 
(he laboratory^ and the thoracic duct lymph 
H- 3 S collected for a variable period of time, 
ranging from to 3j4 hours. The relative 
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site of injection vras recorded continuously. 

The radioactive content of the collected 
blood "was determined by the same method 
used for the thoracic duct lymph. The rela- 
tive amount of radioacth’e sodium in the 
collected blood vras compared rvith a control 
sample also prepared b}' the same method used 
for h'mph control. The amount of radio 
active sodium collected was expressed as a 
percentage of the amount injected, or, more 
simply, percentage return in the blood. 

The rate of mobilization of the radioactive 
material from the muscle was determined from 
the collected blood by the equation:"* 
2 — loe(100 — P) 

Ki =: 

_ . T 

— Tissue clearance constant as determined 
from the collected blood, 
p ^ p™® et^ipsed or duration o£ phlehotomT. 
* — of sodium recovered in the col- 

lected blood. 

The rate of mobilization was also determined 
directly at the site of injection by plotting 
against time on semiiogarithmic paper the 
number of counts for each minute throughout 
the phlebotomy, as detected by the Geiger- 
Mueller counter at the injection site. Mathe- 
matically, this rate may be expressed bv the 
equation: 


log Co — log Cl 

nr - 

.4343 (To — TD 

Kj =: Tissue cleaT.auce constant as determined 
by measurement directly at the site of 
injection. 

Cj = Xumber of counts at beginning of phle- 
botomy or Time Tj. 

C 2 = Xnmber of counts at end of phlebotomy 
or time To. 

The results of H procedures are shown in 
Table II. Comparison can be made of the 
rates of removal (K values), percentage re- 
moved (as measured at the muscle) and per- 
centage returned (as measured from the blood) 
along with their percentile devdation. 

In some instances there was variation in 
the rate of sodium removal from the site of 
injection, necessitating multiple determinations 
of K value and percentage removed at this 
site (muscle) . Fig. 2 illustrates both a con- 
stant and sporadic or irregular rate of mobil- 
ization. 

Results. The lymphatic system of the dog’s 
leg did not play a significant role in the 
mobilization and removal of the intramuscu- 
larly injected radioactive sodium. In no in- 
stance was the quantity of radioactive sodium 
recovered in the thoracic duct lymph greater 
than I.l^ of the amount injected into the 
gastrocnemius muscle. 
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recording mechanism^ was placed under the 
leg, just beneath the gastrocnemius muscle. 
A Jackson cannula was introduced into the 
distal segment of the femoral vein, and sodium 
citrate, 2.5%, was allowed to flow in one arm 
of the cannula and mix with the blood as it 
left the vein, .'\ttached to the third arm of 
the cannula was a rubber tube which ran to 
a collecting flask outside the operative field. 
To obviate shock, a condition incompatible 
with normal sodium mobilization, blood from 
healthy mongrel dogs vras given to maintain 
blood volume. The transfusion technic was 
to introduce a glass cannula into the proximal 
end of the femoral vein and replace Ae blood 
by way of this cannula. The transfusion was 
regulated so that blood was replaced at the 
same rate it was withdrawal. At the moment 
the collecting cannula was introduced, a sa- 
line solution containing 7 to 17 microcuries of 
radioactive sodium rvas injected into the gas- 
trocnemius muscle directly over the Geiger- 
hlueller counter. Fig. 1 illustrates the equip- 
ment and methods. 

The blood was collected for periods ranging 
from 10 to 20 minutes. During this time the 
amoimt of radioactive sodium present at the 

§Wire TecQrder.< To simplify the procedure at 
the time of the experiment and to minimize the 
factor of human error inherent in recording the 
counting rate by the usual method, an electro- 
mechanical system was used in which tlie impulses 
from the Geigcr-Mueller counter were recorded as 
they occurred, aud analyzed at a later time under 
more favorable conditions (i.e., in the isotope 
laboratory rather than in the animal operating 
room). 

A portable wire recorder was used, into which 
the output of the Geiger-JMueller counter was fed 
after being passed through an appropriate ampli- 
fier. The result was a complete record of the 
counts as they occurred at the site of injection for 
the entire period of the phlebotomy. 

The wire recording was then fed through an 
amplifier and conventional scaler, and thence to a 
tr!inslator which drove a mechanical chart recorder. 
The chart produced was a complete record of the 
impulses in their order and time of occurrence, 
from which the counting rate for each minute 
throughout the run could be computed and plotted. 

■iKety, S. S., Am. J. Med. Sciences, 1948, 215, 
352. 
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17246. Is the Salivary Lactobacillus Count a Valid Index ol Activity of 
Dental Caries?^ 

JUUAX D. Boyd, Virgil D. Cheyne, and Kenneth E. Wessels. 
(Introduced by P. C. Jeans.) 

From ihe Dcparlmcnls of Pediatrics and of Pedodentxes, Colieges of Jtfdiffnc niid of Dciitis<ri), 
State Vniversitii of Iowa, Iowa Citii. 


Lactobacillus counts are used v.-idely as an 
index to the activity of tooth decay. Much 
of the current philosophy relating to the cause 
and control of dental caries is based on the 
premise that the Lactobacillus count of the 
saliva provides a dependable prediction me- 
dium as to whether the individual in question 
is likely to develop tooth decay within the 
reasonably near future. Yet few studies have 
been reported wherein Lactobacillus counts 
have been correlated individually with the 
previous and subsequent progress of tooth 
decay over long periods of time for large 
numbers of subjects. Studies of that t\-pe 
are needed to show the validity of the Lacto- 
bacillus count as a diagnostic or prognostic 
agent. The study reported herewith was de- 
signed to supply evidence as to the signifi- 
cance of the Lactobacillus count to the indi- 
vidual subject. 

-4s a part of a larger and more general 


survey, the Lactobacillus counts from the 
saliva of 64 teen-aged girls have been com- 
pared with the progression of tooth decay 
observed for not less than 30 months for each 
individual subject. The data include 407 
separate Lactobacillus counts. The dental 
e.xaminations were made recurrently from 
July, 1946 to January, 1949; the Lactobacillus 
counts were made on successive occasions from 
March, 194S until January. 1949. The State 
Hygienic Laboratories made the bacterial 
counts, as a part of the service they provide to 
the dentists of the stale for clinical diagnosis 
and prognosis. 

Generally speaking, there was a slight trend 
toward parallelism of the Lactobacillus counts 
and rates of progression of caries when massed 
data were used. However, when the group 
as a whole was subdivided according to the 
rate of caries progression, there was little dif- 
ference between the range of Lactobacillus 


TABLE I. 

Lactobacillus Counts from 64 Subjects Obscrrcrl Scri.allr for 2V- Vc»rs. 



(a) those with 
no advance 
of caries 

(b) those witli 
. greatest 
advance 

(c) total 
group 

2to. of subjects 

11 

1.7 

64 

No. of counts 

6S 

107 

407 

Jlenn number of Lactobacilli per cc 

!)2,500 

112,000 

104.700 

S.D. 

70,000 

106,300 

88..500 

S.E. mean 

8,500 

10,400 

4,040 

Decile rating : 

10th 

30,000 

37,000 

30.000 

20th 

37.000 

48,000 

43,000 

30th 

46,000 

Go.non 

50.000 

40th 

60,000 

6.5,000 

60,000 

50th 

70,000 

80,000 

72.000 

60th 

92.000 

96,000 

90.000 

70th 

100,000 

123,000 

120.000 

80th 

149,000 

150,000 

144,000 

90th 

180,000 

200,000 

180,000 

100th 

360,000 

720,000 

720,000 

Avg. Xo. of new DMF tooth surfaces 

per nnnuin 

None 

more than 3.7 

2.12 


* Tliis .study w.as m.arte possible tbrougb a graut from the Svigar Kcscareb Foundation, 
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Mobilization of Sodium 24 in Dogs 


The data obtained on the group of dogs 
in which the collateral venous system of the 
thigh was. occluded by a wire tourniquet 
(Table II) shows good correlation between the 
percentage known to have been mobilized 
and the percentage actually recovered in the 
blood draining the limb.ll 

Failure to recover 60%> of the isotope in 
the case of dog No. 10 may be attributed to 
one or both of the following factors; It is 
possible that the -wire was not tightened suf- 
ficiently to occlude completely the collateral 
channels; it is possible that a thrombus might 
have partially occluded the lumen of the can- 
nula. A thrombus would prevent a free flow 
of blood, resulting in stasis, dilatation of the 
femoral vein and tributaries, and increased 
venous pressure. The volume of blood collec- 
ted in this dog was low, a finding which tended 
to substantiate the latter hypothesis. 

The remaining 10 analyses in this series 
showed percentage deviations within 12%. 
Control studies showed that a 12% error was 
possible with this technic.il Therefore, it was 
concluded that radioactive sodium could be 
successfully recovered from the blood drain- 
ing the injection site and that the mobiliza- 
tion of this material was solely a function of 

II The radioactive sodium content of femoral 
vein blood in the absence of collateral venous oc- 
clusion was variable. Ten dogs were subjected to 
femoral phlebotomy without the application of a 
wire tourniquet, and the radioactive sodium con- 
tent of the femoral vein blood determined after 
injection of the sodium into the gastrocnemius 
muscle. It was possible to recover the total 
amount knorvn to have been removed from the 
muscle in onh’ 5 animals; in the remaining 5, a 
portion of the sodium mobilized, ranging from 15 
to 609'f, was shunted through venous collateral 
channels. 

1) To determine the percentage of error inherent 
in the counting technic used in this experiment, 
equal quantities of sodium 24 in the form of 
sodium chloride were placed in equal volumes of 
water and blood, and counting rates determined. 
It was found that the percentage of error in 
counting rates between the two fluids varied from 
2 to 12%. Accordingly, the results have been 
interpreted in the light of a possible 12% devia- 
tion. 


the capillart' loop. In view of the fact that 
the isotope was not found in the thoracic duct 
lymph, and that it was recovered quantita- 
tively in the blood, the factors of lymphatic 
removal and diffusion beyond the range of the 
Geiger-Mueller counter appeared to be insig- 
nificant. The assumption that removal of 
sodium 24 was a function of the hemovascu- 
lar system, and consequently, was dependent 
upon the state of the circulation at the site 
of injection, was apparently valid. 

Summary. A study of sodium mobilization 
from the gastrocnemius muscle of dogs by the 
use of radioactive sodium 24 is reported. 

The sodium content of thoracic duct 
lymph following injection of sodium 24 into 
the gastrocnemius muscle was measured in 7 
dogs to determine the role of the lymphatic 
system in the mobilization of the sodium. 

The capillary' mobilization and venous 
transport of sodium 24 from the gastroc- 
nemius muscle was studied in 1 1 e.xtremities. 
The radioactive sodium content of the blood 
draining from the gastrocnemius muscle was 
determined by two methods: (!) directly, 
by actual measurement of the sodium 24 con- 
tent of collected blood, and (2) indirectly, by 
means of a Geiger-Mueller counter placed 
beneath the site of injection of the radioactive 
sodium into the muscle. 

Conclusions. The lymphatic system of the 
dog’s hind extremity does not play a signifi- 
cant role in the mobilization of intramuscu- 
larly injected sodium, nor does the radioactive 
material diffuse along intramuscular planes 
beyond the range of the Geiger-hlueller coun- 
ter. 

Intramuscularly injected radioactive sodi- 
um can be quantitatively recovered from 
femoral vein blood if the collateral venous sys- 
tem of the upper thigh is occluded. 

The rate of removal of sodium 24 measured 
external to the site of injection is the same 
as that determined from the blood actually 
draining from the muscle. 

The autliors wish to express their .ippreei.ition 
for the techrxieal assistance given by Mr. Kieh- 
mond \Vaits. 

1943. p.s.&aMT'iPtJ’. ^i. 
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tude of the Lactobacillus count and the rela- 
tive rate of caries progression that one can- 
not consider the test as definitive within this 


group for the diagnosis or the prognosis of 
caries activity for the individual subject. 

Received .Tunc 23, 1949. P.S.E.B.M., 1949, 71. 


17247. Nucleoproteins and the Cytological Chemistry of Paramecium 
Nuclei.* 

jMoMTROSE J. Moses. (Introduced by A. J. Goldforb.) 

From ihc Dcparlmcni of Zoology, CohmVia VnivcrsUy, anil the Department of Biology, 
Brool'hoven XationnI Lahoratory. 


There are many exceptions to the classical 
definition of a cell as “a mass of protoplasm 
containing a nucleus.”^ Numerous e.vamples 
are known of binucleate and multinucleate 
protoplasmic masses. In most cases the nu- 
clei are all alike, but in binucleate ciliated pro- 
tozoa such as Paramecium, the two nuclei 
are markedly different in size, and are there- 
fore known as the macronucleus and the mi- 
cronucleus. There are also considerable dif- 
ferences in behavior of these two nuclei. It is 
the general view that the macronucleus is a 
“somatic nucleus” serving the indispensable 
physiological needs of the organism in vegeta- 
tive stages when no detectable effect of the 
micronucleus can be observed.- The micro- 
nucleus appears to be of chief importance as a 
potentially germinal structure, functioning in 
the nuclear interchange and reorganization 
which take place at conjugation or autogamje- 
The present paper briefly reports the results 
of a study of the nucleoprotein composition of 
macro- and micronuclei in vegetative individ- 
uals of Paramecium; experiments were de- 
signed to answer the question whether in these 
stages the two nuclei are as unlike as other 
experimental evidence indicates them to be. 

Experimental, The chemical constituents 
of nuclei are mainly nucleoproteins, and the 

P:irt of the resonreh reported here was carried 
out at Brookliavcn Xational Laboratory under the 
auspices of the Atomic Ei^etgy Commission. 

I tt ilsoii, E. B., T!ic Cell in Developnient and 
Heredity, 1P2S, 3rd edition, Kew York. 

- -Sonnehorn. T. M., in Adv. in Genetics cd., 
Bemeree, 1947, 1. 993. 


quantitative technics of cytological chemistry 
are particularly suited to analysis and locali- 
zation of these substances within individual 
nuclei. The procedures used in this investiga- 
tion permit the computation of relative con- 
centrations of nucleic acids and proteins from 
specific chemical reactions which have been 
shown to be applicable to properly fixed cyto- 
logical preparations. .‘Analyses were made 
by microscopic photometry of total and non- 
histone protein from modifications of the 
^lillon reaction, of desoxyribose nucleic 
acid (DN.\) from the Feulgen nucleal re- 
action,^ of total nucleic acids and poljmu- 
cleotides (removable ■with hot trichloroacetic 
acid) from the absorption in the ultraviolet 
(near 260 m^t) of their purine and pyrimidine 
bases®’® and of ribose nucleic acid (RNA) by 
difference in absorption at 260 •mg. after en- 
z3-matic digestion with protease-free ribonu- 
clease." 

Determinations were made on a culture of 
Paramecium caudalum which was raised on a 
baked lettuce medium inoculated with A. 
aerogciics^ and kept under constant feeding 

5 Pollister, A. tV., .md Bis, H., Cold Spring 
Harbor Symposium ou Quant. Biol., 1947, 12, 147. 

•< Pollister, A. IV., and Leuchtenberger, C,, Froc. 
Xat. Acad. Sci., 1949, S3, GG. 

r’Di Stefano, H. S., Chromosoma, 1948, 3, 2S2, 

«Caspcr5son, T., Skniid. Arrh. physiol., 1936, 
73, suppl. S, 1. 

7 PolUster, A. W., and Leuchtenberger, C., 
Xature, 1949, 103, 360. 

sSonneboru, T. M., and Dippcll, B., Pla/siol. 
Zool.. 1946, 10, 1. 
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7 0 0.000 


Significance of Lactobacillus Counts 



10 ZO 30 40 50 60 70 80 90 100 

Fig. 1. 

Decile rniigo for Luctobacillus counts observed from saliv.a of teeu-.agctl girls ivlioso r.atrs 
of progression of tooth decay (number of newly affected tooth surfaces: decayed, missing or 
tilled: per annum) were observed individually for not less tlian 30 months. Scpar.atc curves arc 
shown for 11 girls with zero progression, for the 15 girls with the most rapid progression, and 
for the total group of G4 subjects. The hundredth per centile represents tlie Iiigliost value 
observed for each sub-group. 


counts observed among those with the least 
and those with the greatest progression of 
tooth decay. 

Eleven of the girls showed no measurable 
progression of tooth decay throughout the 
period of more than 2^4 years, when scored ac- 
cording to the number of new decayed, missing 
or filled (DhlF) surfaces which developed dur- 
ing the interim. The range of the Lactobacih 
lus counts obsen'ed from these girls’ saliva 
samples has been contrasted with the range 
for the entire group of 64 subjects, and also 
with the range observed among the 15 girls 
whose caries progression rates were the high- 
est. The results are summarized in Table I 
and Fig. 1. 


Emphasis is directed toward the high Lacto- 
bacillus counts observed among those children 
who had had no progression of tooth decay 
during the 20 months which preceded their 
first Lactobacillus count, and who continued 
free from evidence of caries advance at le.ast 
for the 10 months which followed. Obviously 
the persistence of high Lactobacillus counts 
in these children’s mouths had not led to the 
initiation of tooth decay' during the period of 
observation. ^Moreover, for these II girls 
out of a group of 64 subjects the Lactobacillus 
count failed to serve as a proper inde.v of 
caries susceptibility. Furthermore, analysis 
of the remainder of the group shows such in- 
constancy of relationship between the magni- 
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tude of the Lactobacillus count and the rela- 
tive rate of caries progression that one can- 
not consider the test as definitive within this 


group for the diagnosis or the prognosis of 
caries activity for the individual subject. 

Eeecived June 23, 1949. P.S.E.B.IL, 1949, 71. 


17247. Nucleoproteins and the Cytological Chemistry of Paramecium 
Nuclei.* 

IMontrose J. jMoses. (Introduced by A. J. Goldforb.) 

From tUe Department of Zoology, Cohimhia Vniversity, and the Department of Siology, 
jBroo?;/i«\)cn Xaiional Laboratory. 


There are many exceptions to the classical 
definition of a cell as “a mass of protoplasm 
containing a nucleus.”^ Numerous examples 
are known of binucleate and multinudeate 
protoplasmic masses. In most cases the nu- 
clei are all alike, but in binucleate ciliated pro- 
tozoa such as Paramecium, the two nuclei 
are markedly different in size, and are there- 
fore known as the macronucleus and the mi- 
cronucleus. There are also considerable dif- 
ferences in behavior of these two nuclei. It is 
the general view that the macronucleus is a 
‘‘somatic nucleus” serving the indispensable 
physiological needs of the organism in vegeta- 
tive stages when no detectable effect of the 
micronucleus can be observed.- The micro- 
nucleus appears to be of chief importance as a 
potentially germinal structure, functioning in 
the nuclear interchange and reorganization 
which take place at conjugation or autogamy.- 
The present paper briefly reports the results 
of a study of the nucleoprotein composition of 
macro- and micronuclei in vegetative individ- 
uals of Paramecium; e.xperiments were de- 
signed to answer the question whether in these 
stages the two nuclei are as unlike as other 
experimental evidence indicates them to be. 

Experimental. The chemical constituents 
of nuclei are mainly nucleoproteins, and the 

* Part of tlie rcsearcli reported here rr.is e.irried 
out at Brookhaveu Xational Balromtory under the 
auspices of the Atomic Energy Commission, 

I M ilsou, E, E., Tlie Cell in Development and 
Heredity, 102S, 3rd edition, Eev York. 

-Poimeborn. T. .M., i„ Adv. in Genetics ed., 
Demerce, 1.047, 1, 203. 


quantitative technics of cytological chemistry 
are particularly suited to analysis and locali- 
zation of- these substances within individual 
nuclei. The procedures used in this investiga- 
tion permit the computation of relative con- 
centrations of nucleic acids and proteins from 
specific chemical reactions which have been 
shown to be applicable to properly fixed cyto- 
logicai preparations. Analyses were made 
by microscopic photometry of total and non- 
histone protein from modifications of the 
Millon reaction, of desoxyribose nucleic 
acid (DN.\) from the Feulgen nucleal re- 
action,’ of total nucleic acids and poljmu- 
cleotides (removable ivith hot trichloroacetic 
acid) from the absorption in the ultraviolet 
(near 260 mp) of their purine and pyrimidine 
bases®’® and of ribose nucleic acid (RNA) by 
difference in absorption at 260 mp after en- 
zymatic digestion -^rith protease-free ribonu- 
dease.' 

Determinations were made on a culture of 
Paramecium caudafum which was raised on a 
baked lettuce medium inoculated with A. 
acrogcncs^ and kept under constant feeding 

3 PolUstcr, A. AV., and Eis, II., Cold Spring 
Harbor Sj;mposiiim on tpimnl. JBioI., 1947, ISS, 147. 

4 PolUster, A. AV., and Leuclitenberger, C., Proc. 
A af. Acad, Sci., 1949, So, GG. 

SDi Stefano, H. S., Chromosoma, 194S, 3, 2S2. 

<> Caspersson, T., Sland. Arch. Dhysiol., 193G, 
73. suppl. S, 1. 

r PoUi.stcr, A. AA'., .and Ecaclitcnberger, C., 
Kntiire, 1949, 103, 3G0. 

sSonneborn, T. AI., and Dippcll, R.. Plii/siol. 
Zool.. 194G, 19, 1. 
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TABLE I. 

Comparison of Nucleic Acid and Protein Contents of the Macro- and Miornnuelcus of 

Paramecium cawlatnm. 



Total protein 

Desoxyribose 
nucleic acid 

Eiboso 
nucleic acid 

A. % m,acronuclc<ar niielcoprotoiii 
determined 

S5.1 

u.S 

P.l 

B. % micronuclcar nucleoprotein 
determined 

87.6 

4.2 

8.2 

C. Batio concentrations: 

Macromicleus 

0.9 

1.2 

1.0 

Micronucleus 





and environmental conditions. At no time 
during the life of the culture was autogamy or 
conjugation observed; all individuals were in 
a “vegetative” state. The culture was con- 
centrated by mild centrifugation, fixed in 
Carnoy’s 1:3 acetic acid-alcohol, transferred to 
small agar blocks and imbedded in paraffin. 
Analyses were carried out on serial sections 
mounted on slides in the usual manner. 


Mean extinction values (logm lo/I) were 
computed from transmission measurements of 
cylindrical areas of a large number (30-50) 
of random sections of macronuclei, and of 
8-12 entire micronuclei. The results were 
fairly uniform, as shown by the fact that the 
standard errors in no case exceeded 7fo of the 
mean extinctions. From these mean values 
concentrations w'ere computed by reference to 
standards measured on known dilute solutions 
in a Beckman Spectrophotometer. An ap- 
proximation to the protein concentration was 
computed by assuming that the iMillon re- 
action was due to a tyrosine derivative which 
constituted one-sixteenth (6.25%) of the pro- 
tein. The total nucleoprotein concentration 
was computed by adding together the mean 
concentrations of protein, desoxyribose nu- 
cleic acid (DNA), and ribose nucleic acid 
(RNA). Table I (A and B) shows the per- 
centages of the total concentration represented 
bv each of these components. 

Results. It is apparent from the data that 
protein is the major component of the nucleus 
(Table I), comprising over 85% of the nu- 
cleoprotein determined for each nucleus. . 
comparison of the extinctions of nuclei pre- 
pared to show total and non-hisfone proteins 


showed no significant difference and it fol- 
lowed that histone could not have comprised 
more than a few percent of the nucleoprotein. 
The protein/DNA ratio was from 15-20 to 1, 
in the range of high values reported by Pollis- 
ter and Leuchtenberger^ for metabolic nuclei 
of metazoa. The concentration of DN.\ pres- 
ent in the nuclei was quite comparable with 
determinations of other workers, being in the 
order of 10“’- mg per cubic micron. Most 
remarkable, however, are the results of di- 
gestion with purified crystalline ribonuclease” 
which show that about 60% of the total nu- 
cleotide extinction was lost after treatment 
and that a large quantity of RN.\ was con- 
sequently present. The RN.A released by the 
enzvme amounted to almost twice the IDNA 
present in the nucleus and comprised about 
10% of the nucleoprotein moietj’. That RN.'\ 
might be contained in the macronucleus of 
Paramcchm has already been indicated by 
the staining experiments of Shubnikova’ and 
others who, with methyl green and pyronin 
(unpurified), showed pyronin coloring in the 
macronudeus removable with ribonudease 
(unpurified). RNA is known to be a com- 
ponent of metazoan nuclei both in^ the nu- 
cleolus and in the chromosomes. Mirsky has 
indicated by his analyses of isolated mammal- 
ian chromosomes that the RN.‘\ which is a 
component of the residual chromosome, is high 
in active metabolizing cells and low in rela- 
fivelv inactive ones.” 

Discussion. It can be seen from the ratios 


9 MpDonald, M., 
in piiuIinikov:i. E.. ('■ 


/’//.v.Mo/.. iniS. H2, .IS. 
■Inul Sri. f/.’.SW, 1017, 


nr,, 517. 
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of concentrations in Table I, row C, that the 
macro- and micronuclei are very much alike 
in nucleoprotein composition. It follows, then, 
that insofar as their chemical composition is 
indicative of their function, both nuclei are 
performing similar roles in the vegetative in- 
dirddual. Thus, the organism’s dependence 
on the macronucleus and its apparent inde- 
pendence of the micronucleus during these 
stages- simply becomes a matter of the pre- 
ponderance of the physiological-genetic ma- 
terial in the large macronucleus. There is a 
marked resemblance between these protozoan 
nuclei and highly metabolic nuclei of metazoa, 
as typified by the mammalian liver nucleus, 
which is strong evidence for the active parti- 
cipation of both macro- and micronucleus in 
metabolic functions of the cell. An}"- chemical 

n Mirsky. .A. E., CoJrJ Spriiip Borhor S}im- 
posivm on Quant. Bio!., 1947. 12, 143. 


differences which may serve to be correlated 
with the capacity of the micronucleus to dif- 
ferentiate into a special reproductive structure 
must be looked for at some other time in the 
organism's history. Presumably this is dur- 
ing the reproductive processes of conjugation 
and autogamy, when the behavior and mor- 
phology of the two nuclei are most markedly 
dissimilar. 

Summary. Quantitative cytological chemical 
analyses of the nucleoprotein composition of 
the macro- and micronudei of a clone of P. 
caudalum show that both nuclei contain pro- 
tein, RX.A and DX.A in the ratio of 20:2; 1. 
Twice as much RXA as DXA was found. 
From their resemblances to the nucleoprotein 
contents of metabolic metazoan nuclei, it is 
concluded that in the vegetative stage, both 
nuclei of P. caudatum are activelj' metabolic. 

RcwiwTJunr 34, 1949.~r^.E.B.M., 1949, 71. 


17248. Influence of Level of Adrenal Cortical Steroids on Sensitivity of 
Mice to X Irradiation, 


R. L. Stradbe, H. iSI. Patt, E. B. Tyree, and D. E. Smith. 

From Physiology Section, Biology Division, Argonnr Xntionnt Lahoratory, Chicago, III. 


IVe reported previously that X radiation 
appeared to result in an increased demand for 
the adrenal cortical hormone.* Subsequent 
studies indicated that the adrenal changes 
noted after total-body X irradiation of rats 
(decreased cholesterol content and increased 
weight) were mediated by the pituitary." 
The adrenal response could be prei'ented. in 
part, by suitable administration of adrenal 
cortical extract. However, such treatment 
failed to alter survival.^ Since Ellinger* re- 
ported earlier that the daily injection of des- 
oxycorticoslerone increased survival of ir- 

1 H. M., Swift, M. N., Tyree, E. B., and 
.Tohn, E. fk.. Am. .T. Physiol. 1947. 150, 480. 

= Patt, ir. M., Swift. M. X., Tyree, E. B., and 
.Straubo, E, L., Science, 1948, 108, 475. 

>•! Swift. M. X., P.att, H. M., .and Tyree, E. B., 
Fed. Pror.. 1948. 7, 121. 

EliinRcr, P., Pnor. Soc. Exp. Biou and Med., 
1947, 04. .31. 


radiated mice, it seemed desirable to extend 
these observations in order to clarify the role 
of the adrenal in the acute radiation syndrome. 
In these experiments rve have determined the 
radiosensitivnty of intact mice with and with- 
out whole adrenal cortical extract or desoxy- 
corticoslerone. Data on the sensitivity of 
adrenalectomized mice which were obtained 
as part of another study have been included 
for comparison. 

Materials and Methods. 'Male and female 
CFl mice, weighing IS to 28 g each, were the 
experimental animals. Mice of the same sex 
were used in individual experiments. For 
the irradiation, the animals were placed in 
individual cellulose acetate e-xposure cells and 
were given total-body exposures in groups of 
16. The cells were rotated slowly on an 
electrically-driven turntable to insure equiva- 
lent irradiation of all the animals. Equal 
numbers of control and experimental mice 



540 


Adrenal Steroids and X-ray Sensitivity 



DAYS AFTER X IRRADIATION 

"" » ’*• 



DAYS AFTER X IRRADIATION 
Fig. 2. 

Effect of •whole iiclrenal cortical extract (ACE) on radiation mortality in adrcnalivtomized 
mice (CFl males, 500 r). 


were used for each e.v-posure. The radiation 
factors tvere: 200 kv, 15 ma, 0.5-mm Cu and 
3.0-mm Bakelite filters, HVL-1.20-mm Cu, 
target distance, 10.8 cm, and dose rate, 20 r 
per minute. Male mice received 500 r and 
females, 550 r (measured in air). 

Single stage bilateral adrenalectomies were 
performed under nembutal anesthesia 15 to 
17 days prior to irradiation. .All animals re- 
ceived a postoperative injection of 0.2 cc 


whole adrenal cortical e.\'tract (Wilson). 

Survival of irradiated mice was compared 
under the following 4 e.vperimenfal condi- 
tions; 

1) Mice injected intramuscularly with des- 
osycorticosterone acetate (Schering, 0.5 mg 
daily) for 2 weeks after irradiation. The ir- 
radiated control group received equivalent 
amounts of sesame oil. 

2) Mice injected subcutaneously with whole 
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Effect of adrenaJectomy on radiation mortality in niice (CPI females, 550 r). 


adrenal cortical extract, 0,2 cc, twice daily, 
for 2 weeks following X irradiation. The con- 
trol group in this instance was identical with 
that of 1 ) above. 

3) Bilaterally adrenalectomized mice main- 
tained on salted drinking ivater (1 per cent 
XaCl) and daily injections of 0,2 cc whole 
adrenal cortical extract. Intact irradiated 
mice were used as controls. 

4) Bilaterally adrenalectomized mice main- 
tained on salted drinking water alone, plus an 
intact irradiated control group. 

Results and Discussion. .As may be noted in 
Fig. I and 2, mice that received deso.xycorti- 
costerone acetate or whole adrenal cortical 
extract, as well as those that were adrenalec- 
tomized and maintained on whole adrenal cor- 
tical extract plus salt exhibited a final radia- 
tion mortality identical with that of intact ir- 
radiated controls. Although there was a de- 
creased mean survival time (p << O.OOl), 
those adrenalectomized animals maintained on 
salted drinking water alone (Fig. 3) also show 
a final mortality similar to that of the normal 
irradiated controls and the 3 experimental 
groups noted above. 


The schedule of treatment used in admin- 
istering deso.xycorticosterone is that reported 
by Ellinger to yield ma-ximal protection in 
terms of survival.'* We are unable to account 
for the failure of desoxycorticosterone to modi- 
fy survival in our studies. This disparity in 
results may reside in the different strain of 
mice used. It is of interest to note that both 
larger and smaller doses of desoxycorticoster- 
one were ineffectual according to Ellinger. 

From these data we may conclude that the 
sundval of X-irradiated mice appears to be 
independent, at least within certain limits, of 
the amount of adrenal cortical steroids pres- 
ent. The adrenals are apparently involved 
only secondarily as part of the organism’s 
buffer response to the stress of irradiation. 
The rationale of employing adrenal corticoids 
to alter radiation mortality is therefore open 
to question. 

Summary. The e.xperiments cited indicate 
that the radiosensitivit}^ of intact or adrenal- 
ectomized mice, nith or without e.xogenous 
adrenal cortical steroids, is similar. 

Received June 10, 1949. P.IS.E.B.M., 1949, 71. 
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17249. Reactions of Normal Ovaries to Injections of Stilbestrol.* 

G. Gordon Robertson. (Introduced by Carroll A. Handley.) 

From the Dcimriment of Anaiomu, Saylor VnivcrsUy Coltepc of Mnlicine, Housion, Terns. 


It is a common belief that injected hor- 
mones do not stimulate the organs which 
normally produce them. ’While injected es- 
trogens may have no direct stimulatory effect 
on ovarian follicles of normal adult animals, 
they do produce certain ovarian changes 
either by direct action on the ovaries, or in- 
directly via the anterior pituitary gland.*’- 
The consensus is that, if the injected doses 
are of sufficient potency, there will be (1) 
luteinization,^'^ and (2) inhibition or depres- 
sion of follicular development, and that 
these effects are secondary to pituitary 
changes produced by increased estrogen. It is 
probable that FSH normally stimulates me- 
dium-sized follicles to develop fully to the 
ovulating stage. If the estrogen level goes 
over a certain point, the production of FSH 
is inhibited or depressed, thus resulting in 
failure of the development of ovulating folli- 
cles. .4t the same time, LH is liberated, either 
as a result of inhibition of FSH or due to the 
direct stimulatory effect of increased estrogen, 
and LH stimidates luteal formation in the 
ovary. There is the possibility that luteiniza- 
tion is an effect of increased estrogens acting 
directly on the ovaries, but assa)-s of pituitary 

* This work w.os aidotl b.r the fund contributed 
by tlio >1. D. .'Vnderson Foundation. The author 
wisiie.s to express Ins .oppreciation for tlie excellent 
technical itssistance of Miss Sarah Lea 0 ’Neill. 

iKuiide, M. it., D’.A-mour, F. E., Gustavson, 
B. G., and Carlson, A. J.. Proc. Soc. Exp. Biol. 
AND Med., 1930, 28, 122. 

S Moore, C. R., and Price, D., Am. J. Anat., 
1932, .10, 13. 

sFevold, H. L., Hisaw, F. L., and Creep, R., 
Am. J. Physiol., 1935, 114, 508. 

rPescUn, L., Compi. rend. Soc. dc Viol, 1935, 
120, 52G. 

r. Meyer, K. K., and Hertz, R., Am. .T. Physiol., 
1937, 120, 232. 

a Allen, E., and Diddle, A. IV., .Iwi. .7. Ohst. and 
(fynec., 1935, 29, S3. 

tBullough, W. S., J. F.ndocrinology, 1943, .*?, 
23.5. 


glands after estrogenic treatment show an in- 
creased potency of luteinizing function.® 
Materials a>id methods. Follicular develop- 
ment and luteinization in the ovaries of normal 
adult rats were studied after intraperitoneal 
injections of large doses of the synthetic es- 
trogen, diethylstilbestrol dipropionate (“Es- 
trobene DP”). Inbred Sprague-Dawley rats 
were used, and the work was done on 100- 
day-old virgin females. The ovaries of 11 
control rats were removed at tlie 5 stages of 
the estrous cj’cle and were serially sectioned. 
In the experimental group, consisting of 13 
rats, 5 mg of stilbestrol were injected intra- 
peritoneally once per day, ranging from 1 to 
12 injections. .A,ll of the injections were be- 
gun at diestrus. The ovaries were removed 
24 hours after the last scheduled injection, 
were fixed and serially sectioned. From the 
serial sections of the control and e.xperimental 
groups the following determinations were 
made: (1) the total volumes of the ovaries 
were determined by planimeter measurements 
of serial projection dratrings; (2) the total 
volumes of the luteal tissue were measured by 
the same methods, and the percentage Iiitein- 
ization determined in each case; (3) tlie fol- 
licles were counted and divided into 4 cate- 
gories: normal and atretic small follicles, and 
normal and atretic follicles in which an antrum 
had definitely formed. 

Results. In the results, which are sum- 
marized in Table I, the animals arc divided 
into 4 groups, and the average figures are 
given for each group. Group .-\ consists of 
the 11 control animals in the various stages 
of the normal 4-day estrous cycle. Groups 
B, C, and D consist of IS animals which re- 
ceived daily injections of 5 mg of dielhylstil- 
bestrol over a period ranging from 1 to 12 
days. In Group B, the animals received 5 
to 20 mg in the 4-day perioti ranging from 
I to 4 days: in Group C, 25 to 40 mg in the 

Fhmdoi.. H'34. no. nsi. 
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TABLE I. 

Snmniary of Effects of Stilbestrol on the Ovarv. 


Determinations 

Group A, 
control, 
avg 

Group B, 

1-4 day 
stilbestrol, 
avg 

Group C, 

5-S day 
stilbestrol, 
avg 

Group D, 
9-12 day 
stilbestrol, 
avg 

a. Volume of ovaries in 1000 
planimcter units 

46.6 

39.8 

44.9 

56.9 

b. Volume of corpora lutca in 

1000 planimcter units 

20.7 

16.1 

21.2 

30.4 

c. Vo luteinization 

44.2 

40.1 

45.8 

53.0 

d. Total Xo. of follicles 

435 

292 

235 

281 

c. Total Xo. of normal follicles 

334 

229 

187 

190 

f. Total Xo. of atretic follicles 

101 

62 

48 

91 

g. Xo. of normal small follicles 

259 

159 

97 

75 

h. Xo. of atretic small follicles 

61 

36 

18 

24 

i. Xo. of normal antrum-eontainiug 
follicles 

75 

70 

SO 

115 

j. Xo. of atretic antrum-containing 
follicles 

40 

26 

30 

67 


4-day period ranging from 5 to 8 days; and 
in Group D, 45 to 60 mg in the 4-day period 
ranging from 9 to 12 days. 

With progressive injections of stilbestrol 
there is an initial decrease in ovarian size 
during the first 6 days, followed by a marked 
increase over the normal size (Table I, a). 
Similarly with luteal tissue (Table I, b), there 
is an initial decrease followed by a marked 
increase in luteinization. which is directly pro- 
portional to the increase in ovarian size. The 
degree of luteinization is shown in Table I, c. 
During the stilbestrol' injections there is an 
initial 4-day lag followed by a marked increase 
in the degree of luteinization. The initial lag 
may be due to a natural hj’pophyseal-gonadal 
lag, which has been indicated by the 2-4-day 
dela}' in the effect of hj-pophysectomy on 
ON’aries.® 

Following treatment with stilbestrol there 
is a significant decrease in the total number 
of follicles from the second day on (Table 
I, d). This consists of a decrease in the 
number of both atretic and normal follicles 
(Table I, e.f), with some recovery in the 
number of atretic follicles towards the end 
of the experimental period. If there is a 


complete physiological block of FSH after in- 
jections of massive doses of stilbestrol, one 
would expect the follicular picture to resemble 
that after h\*pophysectomy, except for any 
direct effects stilbestrol may have on the 
ovaries. Smith® has described the follicular 
picture after h 3 pophysectom\'' in the rat as 
follows: (1) all medium-sized and large fol- 
licles (i.c., all antrum-containing follicles) be- 
come atretic wdthin 4 daj’S or less, and forma- 
tion of normal follicles in this group is ter- 
minated; (2) small follicles continue to de- 
velop, but become atretic before antrum for- 
mation. In an attempt to analj-se the effects of 
large doses of stilbestrol. the follicles in these 
two categories were counted and the number 
of normal and atretic follicles determined in 
each. 

It is e\ddent that there is a continuous and 
rapid decline in number of normal small 
follicles with progressive stilbestrol injections 
(Table I, g). Similarly, as shown in Table I,h, 
there is a decrease in the number of atretic 
small follicles. This decrease in the number 
of small follicles indicates that in our series 


s Smith, Philip E., Am. J. Anal., 1930, 45, 205. 
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there is an inhibition or depression of the for- 
mation of small follicles which is a direct ef- 
fect of stilbestrol on the ovary. Table I, i 
shows thatj after a slight initial depression 
during the first 4 days of injection, there is an 
increase in the number of normal antrum- 
containing follicles. This increase indicates 
that follicular development still proceeds from 
the small to the antrum-containing stage. 
This again differs from the results of hj^ro- 
physectomy where there is a complete ab- 
sence of normal antrum-containing follicles 
ivithin 4 days after operation, and indicates 
that FSH is not completely blocked by mas- 
sive doses of stilbestrol. Table I, j shows that 
there is an initial decrease in the number of 


atretic antrum-containing follicles, followed by 
■ a marked increase towards the end of the ex- 
perimental period. This indicates that the fol- 
licle-stimulating function is depressed to some 
extent. The delay in the appearance of in- 
creased atresia argues against a direct effect. 

Summary. These results support previous 
evidence that the ovarian structures which 
normally secrete estrogen, i.c., antrum-con- 
taining follicles and corpora lutea, are af- 
fected when the estrogen level is raised, pre- 
sumably via the anterior hypophysis. How- 
ever, the suppression of formation of new 
small follicles is evident as a direct effect of 
stilbestrol on the ovary. 

Eeceired June 20, 1949. P.S.E.B.M., 1919, 71. 


17250. Male Mice Tolerate Dosages of Pteroylglutamic Acid''^ Lethal to 
Females. 


Alfred Taylor and Nell Carjiichael. 

Frow i/ie Biochemical Institute, University of Texas, and the Clayton Founrlatioii for Ilescarrh. 

.Austin, Texas. 


Female mice are much more susceptible 
than males to high dosages of pteroylglutamic 
acid (folic acid). Male mice easily tolerate 
amounts of this material lethal to every female 
injected. Females receiving subiethal levels 
of the compound lose more weight and are 
slower to recover than comparably treated 
males. 

Harned^ and associates have investigated 
the pharmacology of folic acid. They reported 
this compound to be comparatively innocuous 
at levels much above the therapeutic range. 

When 100 to 400 mg per kg were adminis- 
tered intravenously, acute toxicity was ob- 
served in mice, rats, rabbits, and guinea pigs. 
Death was apparently due to obstruction of 
renal tubules as a result of the precipitation of 
folic acid. The mouse and the rat were more 
resistant than the guinea pig and the rabbit. 

^tcrovlglut.imic acid for tliis resc.ircli w.-is fur- 
liislicd bv Lcderlc liJiboratorics, Inc. 

1 H-arned, B. K.. Cunningh.am, R. B'., Smitb, 
H. D., .and Cl.ark, M. C., Ann. -V. T . Acad. Set., 
IPtG, *18, 2sn. 


There is no mention in the paper of a se.v 
difference in the response of the animals to 
the material injected. 

Experimental, More than 400 mice of the 
dba strain were used in these e.xperiments. 

Folic acid was administered both in the 
form of a saline suspension (0.85%) and 
dissolved in a solution of sodium bicarbonate 
(3%). The saline suspension was most fre- 
quently used. The various amounts given 
were diluted so that each animal received 0.1 
to 0.2 cc per injection. The dosages given 
were based on a 25 g mouse unless otherwise 
stated. 

Healthy mature dba male and female mice 
were subjected to single subdermal injections 
of 1 to 40 mg (saline suspension) of folic 
add to test the effect of massive doses on 
mortality. The results are summarized in 
Table I. 

Autopsy disclosed the usual precipitation 
of folic acid in the renal tubules as indicated 
bv the 3 'ellowish color of the kidnej'S. The 
spleen was reduced in .size. Weight averages 
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TABLE I. 


Effect of a Single Injection of Folic Acid on Mortality of ^lale and Eemale dba Mice. 


Posage 

(mg per 25 g mouse) 

Male 


Eemale 


N'o. injected 

No. dead 

No. injected 

No. dead 

1 

3 

0 

3 

0 

3 

3 

0 

3 

0 

D 

10 

1 

15 

3 

10 

S 

2 

11 

9 

15 

7 

0 

7 

7 

20 

S 

0 

s 

s 

40 

4 

0 

4 

4 


of spleens from female mice receiving 10 mg 
of folic acid and spleens from control females 
showed an average reduction of 40% in the 
spleen weights of the experimental mice. The 
visceral effects in the male were similar to 
those observed in the female. 

Male and female mice of the same initial 
body weight were ^ven sublethal injections of 
folic acid and the effect on the body weight re- 
corded over a period of time. 

One group consisted of 20 male and 20 
female mice not yet fully mature so that the 
initial body weights could be exactly matched. 
Each mouse received a single injection of S 
mg folic acid. The females showed a 10% 
loss in body weight and had not completely 
recovered 12 days after the administration of 
the compound, while the males showed only 
slight loss of iveight followed by rapid re- 
coveo" and gain in weight. 

In other tests mature male and female mice 
manifested the same sex difference in their 
response to sublethal injections of folic acid. 

In one experiment 6-w’eek-old male and 
female mice were given single injections of 
5 mg folic acid. The males continued to gain 


weight but more slowly than normal. They 
gained an average of 3 g in the W’eek follow- 
ing the treatment. The females, one week 
after the injection weighed an average of 1 g 
less than their initial weight indicating they 
were seriously affected. 

Discussion. Why the female should be so 
much more susceptible than the male to high 
dosages of folic acid has not been determined. 

So far as could be discovered no other com- 
pound has ever been reported which manifests 
such a sex difference in its pharmacology. 

Summary and conclusion. Male mice are 
much more resistant than female mice to in- 
jections of high dosages of folic acid. 

Male mice were only slightly affected by 
single subdermal injections of 5 mg of folic 
acid. Female mice receiving the same dosage 
averaged a 10% loss in body weight followed 
by a slow recovery. 

There were no deaths in a group of male 
mice receiving 15 to 40 mg in a single injec- 
tion of folic acid. The same dosages ad- 
ministered to female mice were rapidly lethal 
in every instance, 

Beceiretl June 28, 194&! 71 , 
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there is an inhibition or depression of the for- 
mation of small follicles which is a direct ef-' 
feet of stilbestrol on the ovary. Table I, i 
shows that, after a slight initial , depression 
during the first 4 days of injection, there is an 
increase in the number of normal antrum- 
containing follicles. This increase indicates 
that follicular development still proceeds from 
the small to the antrum-containing stage. 
This again differs from the results of hypo- 
physectomy where there is a complete ab- 
sence of normal antrum-containing follicles 
within 4 days after operation, and indicates 
that FSH is not completely blocked by mas- 
sive doses of stilbestrol. Table I, j shows that 
there is an initial decrease in the number of 


atretic antrum-containing follicles, followed by 
■---a marked increase towards the end of the ex- 
perimental period. This indicates that the fol- 
licle-stimulating function is depressed to some 
extent. The delay in the appearance of in- 
creased atresia argues against a direct effect. 

Summary. These results support previous 
evidence that the ovarian structures which 
normally secrete estrogen, f.e., antrum-con- 
taining follicles and corpora lutea, are af- 
fected when the estrogen level is raised, pre- 
sumably via the anterior hypophysis. How- 
ever, the suppression of formation of new 
small follicles is evident as a direct effect of 
stilbestrol on the ovary. 

Eeceived June 20, 1040. P.S.E.B.M., 1949, 71. 


17250. Male Mice Tolerate Dosages of Pteroylglutamic Acid* Lethal to 
Females. 


Alfred Taylor and Nell Carmichael. 

From the Biochemical Institute, University of Texas, and the Clayton Foundation for Fcscarcli, 

Austin, Texas. 


Female mice are much more susceptible 
than males to high dosages of pterojdglutamic 
acid (folic acid). Male mice easily tolerate 
amounts of this material lethal to every female 
injected. Females receiving sublethal levels 
of the compound lose more weight and are 
slower to recover than comparably treated 
males. 

Harned^ and associates have investigated 
the pharmacology of folic acid. They reported 
this compound to be comparatively innocuous 
at levels much above the therapeutic range. 

When 100 to 400 mg per kg were adminis- 
tered intravenously, acute toxicit}^ was ob- 
served in mice, rats, rabbits, and guinea pigs. 
Death was apparently due to obstruction of 
renal tubules as a result of the precipitation of 
folic acid. The mouse and the rat were more 
resistant than the guinea pig and the rabbit. 

^ Pterovlglut.imic .Tcid for this rosc.orcli was fur- 
nislicd by LodCrtc Laboratories, Inc. 

1 H.arncd, B. K.. Cumiingliam, R. W., Smith, 
H. D., .and Clark, M. C., Ann. *V. r. Acad. Set., 
1940, 48, 2S9. 


There is no mention in the paper of a sex 
difference in the response of the animals to 
the material injected. 

Experimental. More than 400 mice of the 
dba strain were used in these experiments. 

Folic acid was administered both in the 
form of a saline suspension (0.85%) and 
dissolved in a solution of sodium bicarbonate 
(3%). The saline suspension was most fre- 
quently used. The various amounts given 
were diluted so that each animal received 0.1 
to 0.2 cc per injection. The dosages given 
were based on a 25 g mouse unless othenvise 
stated. 

Healthy mature dba male and female mice 
were subjected to single subdermal injections 
of I to 40 mg (saline suspension) of folic 
acid to test the effect of massive doses on 
moTtalitv. The results are summarized in 
Table I. 

Autopsy disclosed the usual precipitation 
of folic acid in the renal tubules as indicated 
bv the yellowish color of the kidneys. The 
spleen was reduced in size. Weight averages 
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TABLE I. 


Precipitin Tests Perforwod upon Bat Urine after Parenteral Injection of Bovine Allnimiii. 


Sat 'So, 

Total protein 
excretion, 
wg/'2i hr 

Urine 

dilution 

Precipitin tests 

i \ 

Bov. all). Bat sorum 

antiserum antiserum 

0 to 4 + 0 to 4 + 

G2 

842 

1:24 

4 

4 

3d 

1440 

1:40 

1 

o 

61 

850 

1:24 

O 

2 

SO 

320 

l.-S 

2 

o 

53 

750 

1:16 

r> 

o 

00 

106 

1:20 

3 

i 

02 

202 

1:50 

o 

2 

04 

404 

1:100 

3 

2 

OS 

270 

1:50 

4 

o 

15 

1197 

1 .-200 

4 

1 

17 

414 

1:100 

3 

*> 

21 

274 

1:50 

4 

1 

25 

151 

1:20 

3 

c> 

' 30 

548 

1:100 

4 

1 

35 

358 

1:50 

3 

2 

50 

529 

1:100 

3 

2 

65 

468 

1:100 

3 

o 


TABLE II. 

Pted^Hin Testa Performed upon Rat ITrinc after Parenteral Iiijcetioii of Egg Albumin. 

Precipitin tests 


Eat No. 

Total protein 
cxeretlon, 
mg/24 Ur 

Urine 

dilution 

Egg all), 
antiserum 
0to4-f 

\ 

Rat serum 
antiserum 
0to4-i- 

Urine 

dilution 

Prccip. test 
rat serum 
antiserum 
0to4-f 

38a 

151 

1:20 

3 

0 



26 

158 

1:20 

o 

0 



29 

168 

1:20 

3 

0 



31 

145 

1:20 

3 

0 



32 

139 

1:10 

3 

0 



59 

188 

1:0 

4 

0 



25 

258 

1 ;250 

3 

0 

1:10 

0 

3Sb 

88 

1:100 

Ck 

0 

1:10 

0 

67 

234 

1:250 

4 

0 

1:10 

0 

04 

195 

1:200 

3 

0 

1:10 

0 

51 

80 

1:100 

4 

0 

1:10 

0 

72 

192 

1:200 

3 

0 

1:10 

1 

20 

208 

1:200 

4 

0 

1:10 

1 

92 

139 

1:150 

3 

0 

1:10 

1 

24 

90 

1:100 

3 

0 

1:10 

1 

77 

IS 

1:20 

3 

0 

3 :10 

0 

52 

0.1 

184 

225 

1:200 

1:200 

4 

3 

0 

0 

1:10 

1:10 

0 

I 


^ As the light absoq>tion coefficient is spe- 
cific for each protein, it is necessary to de- 
termine the coefficient for each protein or 
mixture in constant ratio that is used. It was 
found that the degree of absorption for bovine 
albumin and egg albumin bore a linear rela- 
tion to concentration, in accordance with 
Brers Law. Highly variable results were ob- 
tained with the precipitates formed, with rat 
serum antigen. This was attributed to in- 


homogeneity of the antigen, and this antiser- 
um -was not used for quantitative determin- 
ations. 

Urine sample were tested qualitatively by- 
precipitation with the appropriate antiserum 
in the zone of marked antibody excess. For 
quantitative determinations, precipitation w-as 
performed as described, the precipitate w-as 
dissolved in 4 cc of 4/fe sodium hydro.xide 
after washing and draining, and the light 
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Mechanism of Proteinuria. II. Identity of Urinary 
Rat Following Parenteral Protein Injection. 


Proteins in the 


Richard W. Lippman.* 

From the Institute for Medical Sescareh, Cedars of Lehanon Hospital, Los Auaclcs, Calif. 


In considering the proteinuria produced by 
Addis and associates’^ in the rat by intraperi- 
toneal injections of protein, it seemed logical 
to conjecture that the urinary protein might 
be identical with the injected protein. Thus, 
after injections of bovine albumin, it was sup- 
posed that the urinary protein, appearing after 
large doses and some lapse of time, was 
largely bovine albumin. On the other hand, 
after injections of egg white and Bence-Jones 
protein, it was conjectured that the small 
molecules might more easily and quickly per- 
meate the glomerular membrane, so that pro- 
tein appeared in the urine rapidly and after 
smaller dosage. 

Doubt was cast upon this desirably simple 
■ hypothesis by work recently reported- which 
showed, b)'’ the use of hemoglobin as an indi- 
cator, that administration of bovine albumin, 
under the conditions used by Addis, not only- 
saturated the tubular capacity for reabsorb- 
ing hemoglobin, but also altered the glomer- 
ular permeability to hemoglobin. In con- 
trast/’ administration of egg white affected 
hemoglobin excretion in a very different man- 
ner. In this study it was possible to demon- 
strate a similar functional difference between 
the effects of bovine albumin and egg albumin 
upon rat serum protein excretion. 

* The author gratefully .-jchnoivlcdgcs tlie tecJi- 
iiical assistance of Helen J. Urcen and Katalie 
Stein. This ivork was supported by a grant from 
the Pirision of Kescarcli Grants and Fellowships, 
Kiitioiial Institutes of Health, United States Pnbtic 
Health .Service, and a grant from the Ckilumbin 
Foundation, San Francisco, Calif. Bovine albu- 
min (Fraction V) was furnished through the 
courtesy of Dr. J. D. Porsche, Armour Labora- 
tories, Chicago, 111. 

1 Addis, T., Final Peport, Contract 338, Office 
of Scientific Besearch and Development, Committee 
on Medical Eescarch, 1940. 

2 Lippman, E. AV., Am. J. Fhysiol,, 1943, 

532. 

3 Lippinan, R. AV., data to be published. 


Methods. Rabbit antisera to bovine albu- 
egg albumin and rat serum were prepared 
according to the general plan of Goettsch and 
Kendall.'* Each female Belgian rabbit re- 
ceived 1.0 mg of antigen intravenously in a 
volume of 0.1 cc, 3 times a week for 6 weeks. 
The rabbits were then exsanguinated and the 
active antisera against a given antigen were 
pooled and stored in the frozen state. Small 
portions for current use were stored at O-2'’C. 

For the precipitin test, 1 cc of antiserum 
was added to 2 cc antigen diluted with 0.85% 
sodium chloride. Results were read after 2 
hours at room temperature (25-28°C) fol- 
lowed by refrigeration at 0-2 °C for 17 hours. 
There was no cross precipitation between 
the antisera and heterologous antigens. 

For the quantitative determinations, 
known amounts of antigen protein measured 
by the gravimetric method of Barnett, Jones 
and Cohen,'* were mixed Avith antiserum. The 
precipitates which formed in several tubes 
with a given antigen and antiserum were 
pooled and washed repeatedly ivith 0.85% 
sodium chloride solution at 0-2 °C. Precipi- 
tation w-as performed in the range of marked 
antibody e.xcess, determined by the addition 
of antigen to the supernatant fluid and re- 
incubation. 

The washed precipitate was drained, then 
dissolved in a known volume of 4% sodium 
hydro.xide. Ultraviolet light absorption of 
this solution w'as determined in a Beckmann 
spectrophotometer at 280 m/i.t” For the lat- 
ter purpose, serial dilutions were prepared 
with 4% sodium hydro.xide. 

""T^^sch, E; .nnd Keiid.-ill, F. K., J. H'ot. 
Cliein., 1935, 100, 221. 

.'•B.-iraeff, C. AAA, .lone."!, R. B., .'iiid Colm, R. B., 

J. Ifxp. Med., 1932, tio, fiS3. 

t Use of tliis procedure w.ii suggosled by Dr. 
Krwin Ifnas. 

T. B., and Potter, Van B., 

Biochnn., 10-tt, 
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tered only in very lovr dflutions, and. qaand- 
fadvely. tne amounts of rat serom protein 
appearing (calculated by dinerence) are 
vrithin tne order oi magnitune tor normai pro- 
tein escretton. 

Tne data presented nere cannot ansvrer 
vrEether rat senun protein is escreted along 
vritb bovine albumin as tss result of dimin- 
ishei tubular reabsorption or the result oi in- 
creased glomerular permeabiiiU- or filtration 
rate. Such information might be obtainable 
front further investigation under dinerent 
coEcItions, varjing the rates oi protein ex- 
cretion over a vrider range. Hotvever. the 
data given do demonstrate a gross dtHerence 
in the mechanism of proteinuria foliovdng ad- 
ministration of bovine albumin and egg albu- 


min. proteins that diner vrldely in structure. 
This dinerence is consistent vrith dinererces 
found in the efievt produced bt* intrapen- 
toneal injections of these proteins tn>3n hemo- 
globin excretion in the rat---^ and is of special 
significance in that the data given here mere 
obmined bj* an independent emterhnental ap- 
proach. 

Ssir:r:cry. 1. Parenteral injen-lon! of egg 
atbumln ih the rat produces proteinuria com- 
posed of egg albumin, vrith no appreciable 
excretion of rat serum protein. 

2. .\fter parenteral injention of bovine al- 
bumin. large quanddes of rat serum protein 
are excreted in addition to bovine albumin. 

Bwdvet Jc=r " ?.S-E33r- SPt.a. 71. 
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The presence of a grotvth factor for Leu- 
ccKostoc diroTO-rurr: S3SI in various naturai 
materials vras reported bj- Sauberiich and 
Baumann.- They noted that the orgardsm 
trould respond to thjmidice but it was con- 
cluded that s>ome other active factor was 
present in a liver concentrate. The "citrO' 
vorum factor” in liver extract was dtfieren- 
tiated- from a factor active for D:dob-zc:t5js 
idckrr.cr.rJ.i in liver extract by observing that 
the two factors migrated in opposite direc- 
tions in an elec-Lric field. In the present re- 
port. further observations of the characteris- 
ti-ns of the “citnovorum factor" are descrrbe-d. 

Bi:tznr:cr::d. Lcciobzdbl-js Idchrzcr.r.l: 31S 
(ATCC rScQ') and Lcuccn.zstoz dlrczcrur: 





q, 19-ii. 17S_ 5-::3 


SOSl were used in dus study. J£e±c»is tor 
the use of Lcdobccnus idc7;i?:c!:r:is have been 

widi Lf-zicor^jitC’C d^rctemr: foliowed that of 
Saubernch and Baumann.- 


The data of Table I indrnate the re^.anse 
o: the test organism to concentrated Ever ex- 
tract (15 U.SJ*- units per cc)_. vimmin 
and thj-mi'dine before and after heating with 
aiSalr. L/zcucb-sdUas Idzkr-.-zfzdi gave heaw 
growth with only 0.05 pi of untreated liver 

nigher levels of iiver extract were reanired to 




at Bt.-r. Otev... 175 . AT?. 

-5 Ec-uimr--. C. Srriswi. et t_ 3_ 

2 — mr enier. T. EL, ■?. Bt: t C? --ru. L5A?. 17C. 
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Identity of Urinary Proteins 


TABLE III. 

Protein Excretion in Bats alter Parenteral Bovine Albumin Inicctious. 


Bat No. 

Total prot. 
excretion, 
nig/24 hr 

Total prot. 
excretion, 
nig/min. 

Bovine alb. 
excretion, 
mg/min. 

Eatio of bov. alb. 
to total prot. 
excreted 

35 

1440 

1.000 

0.73S 

0.74 

53 

750 

0.521 

0.369 

0.71 

61 

859 

0.597 

0.366 

0.02 

62 

842 

0.585 

0.40S 

0.70 

80 

320 

0.222 

0.167 

0.75 

45 

634 

0.441 

0.245 

0.56 

47 

918 

0.638 

0.351 

0.55 

71 

SS4 

0.614 

0.398 

0.6.5 

74 

737 

0.512 

0.293 

0.57 

98 

1044 

0.726 

0.508 

0.70 

00 

1160 

0.S06 

0.534 

0.60 

Mean 

872 



O.CG ± 0.05 



TABLE IP. 




Protein Excretion in Eats after Parenteral Egg .Albumin In.iections. 


Total prot. 

Tot.al prot. 

Egg alb. 

Eatio of egg alb. 


excretion. 

excretion, 

excretion, 

to total prot. 

Eat No. 

nig/24 hr 

mg/min. 

mg/min. 

excreted 

26 

158 

0.1101 

0.1000 

0.91 

29 

168 

0.1163 

0.1257 

1.08 

31 

145 

0.1009 

0.0923 

0.92 

32 

139 

0.0967 

0.0822 

0.85 

38 

151 

0.1048 

0.1090 

1.04 

59 

188 

0.1303 

0.1081 

0.83 

.95 

266 

0.1847 

0.1712 

0.93 

96 

201 

0.1399 

0.0782 

0.55 

07 

174 

0.1210 

0.0939 

0.78 

08 

288 

0.2002 

0.1880 

0.95 

10 

252 

0.1750 

0.1782 

1.02 

14 

310 

0.2153 

0.2295 

1.06 

Mean 

203 



O.Ol -h 0.10 


absorption measured. All determinations 
were performed in duplicate, and many in 
quadruplicate on more than one occasion. 
Total protein concentrations in the urine were 
determined by the biuret method.^ 

In studying the proteinuria following bo- 
vine albumin injections, we followed the same 
routine described by Addis and used in our 
previous work. Female rats weighing about 
200 g received intraperitoneal injections of 
6% bovine albumin in 0.85% sodium chloride 
solution. The injections, each of 16 cc, were 
given at 9:30 A.M., 4:30 P.M, and 9:30 A.M. 
on the ne.xt day. At the time of the last 
injection they were taken from stock diet and 
given 10% de.xtrose solution in 0.4% sodium 
chloride, in order to promote diuresis. Unne 
was collected from 10:00 A.M. to 3:00 Pa • 
Because of differing dose- time relation- 

"TKingsIcy, G. 1039 , 


ships, in the e.xperiments with egg albumin 
it was necesary to use other conditions in 
order to collect urine at the height of pro- 
teinuria. Female rats of similar size were 
taken from stock diet at 3:30 P.M. and 
were given a single intraperitoneal injection 
of 6% egg albumin in O.S5% sodium chloride 
solution. These rats were then placed on the 
de.\-trose-salt solution diet and urine was 
collected until 9:30 A.M. the nest morning. 
These rats appeared edematous but other- 
wise well, with large urine volumes. 

Results. The results are given in Tables I 
js readily seen that, after injections 
of bovine albumin, appreciable amounts of 
rat serum protein are also esxreted. On the 
contrari'. after injections of egg albumin, 
ncarlv all of the urinaiy protein is egg albu- 
min so that qualitatively weak positive re- 
actions to rat serum antifxrum are encoiin- 
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tered only in very low dilutions, and, quanti- 
tatively, the amounts of rat serum protein 
appearing (calculated by difference) are 
within the order of magnitude for normal pro- 
tein excretion. 

The data presented here cannot answer 
whether rat serum protein is excreted along 
with bovine albumin as the result of dimin- 
ished tubular reabsorption or the result of in- 
creased glomerular permeability or filtration 
rate. Such information might be obtainable 
from further investigation under different 
conditions, varying the rates of protein ex- 
cretion over a wider range. However, the 
data given do demonstrate a gross difference 
in the mechanism of proteinuria following ad- 
ministration of bovine albumin and egg albu- 


min, proteins that differ widely in structure. 
This difference is consistent with differences 
found in the effect produced by intraperi- 
toneal injections of these proteins upon hemo- 
globin excretion in the rat,--^ and is of special 
significance in that the data given here were 
obtained by an independent experimental ap- 
proach. 

Summary. 1. Parenteral injection of egg 
albumin in the rat produces proteinuria com- 
posed of egg albumin, with no appreciable 
excretion of rat serum protein. 

2. After parenteral injection of bovine al- 
bumin, large quantities of rat serum protein 
are e.xcreted in addition to bovine albumin. 

Received June 2, 1949. P.S.E.B.M., 1949, 71. 


17252. Some Observations on Growth Factors Required by Leuconosfoc 
citrovorum.*' 


H. P. Broquist, E. L. R. Stokstad, C. E. Hoffm.xnn, M. Belt and T. H. Jukes. 

From the Lcderle LaVoratorics Division, American Cyanamid Coni/’niii/. Fear! Fiver, X, T. 


The presence of a growth factor for Leu- 
coiiosfoc citrovorum 8081 in various natural 
materials was reported by Sauberlich and 
Baumann.* They noted that the organism 
would respond to thrunidine but it was con- 
cluded that some other active factor was 
present in a liver concentrate. The “citro- 
vorum factor” in liver extract was differen- 
tiated- from a factor active for Lactobacillus 
leichmannii in liver extract by obserrdng that 
the two factors migrated in opposite direc- 
tions in an electric field. In the present re- 
port. further observations of the characteris- 
tics of the “citrovorum factor” are described. 

E.Kpcrimcutal . Lactobacillus leichmannii 313 
(.A.TCC 7850) and Leuconosfoc citrovorum 

* We arc indebted to Dr. J. O. L.-iuipen for 
thymidine, to Dr. E. E. Snell for liyposanthine 
desoxyriboside, and to Dr. E. Hoil -Jorgensen for 
guanine dcsoxyriboside. 

1 Sauberlich, H. E., and Baumann. C. A., J. Biol. 
Clicm.. 194S. 17G, 105. 

-Lyman, C. M., and Prescott, .T. M., J. Biol. 
Chon., 1949, 178, 523. 


8081 were used in this study, hlethods for 
the use of Lactobacillus leichmannii have been 
previously described;®"^ the assay technic 
with Leuconostoc citrovorum followed that of 
Sauberlich and Baumann.* 

The data of Table I indicate the response 
of the test organism to concentrated liver ex- 
tract (15 U.S.P. units per cc), vitamin Bj 2 
and thymidine before and after heating with 
alkali. Lactobacillus leichmannii gave heary 
growth with only 0.03 /rl of untreated liver 
extract, but after treatment with alkali much 
higher levels of liver extract were required to 
promote good growth of the organism. As 
noted elsewhere this alkali treatment destroys 
the growth-promoting action of vitamin Bia 

3 Snell, E. E., Kitay. E., .and JlcXutt, W. S,, 
J. Biol Chem., 1948, 175, 473. 

Hoffmann, C. E.. Stokstad, E. L. E., Franklin, 
A. L., and Jukes, T. H., J. Biol. Chem., 194S, 17C, 
1405. 

sStokstad, E. L. R., DornbusU, A.-C., Franklin, 
A. L., Hoffmann, C. E., Hutchings, E. L., and 
Jukes, T. H., Fed. Proc., 1949, 8. 257. . • 
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^ . TABLE I. 

Effect of Alkah on Growth Promoting Action of Concentrated Eiver Extract, lii E.S.P. Units 
per cc, for LacloharAUus leiclimannii and Lcucnnnsi nc citrovorinn. 

Optical deiisih'* 


Additions to 2 ml medium 

iSOllC 

0.03 .ul liver extract 

0.1 ” ” ” 

0.3 ” ” ” 

1.0 ” ” ” 

3.0 ” ” 

10.0 ” ” >’ 

10 1117 vitamin Ejo 
10 7 thymidine 


LociohiiciUvs Icicltmnniiii ' IjCttcoiw^tioc ciirovonwi 
(>•’) (b) (a) (h) 


0.28 

0.28 

1.15 

0.46 

1.33 

0.66 

1.32 

0.90 

1.39 

1.25 

1.40 

1.42 

1.50 

1.50 

1.40 

0.40 

1.20 

1.00 


0.03 

0.03 

0.08 

O.OS 

0.20 

0.19 

0.42 

0.42 

0.94 

0.92 

1.45 

3.50 

1.90 

1.90 

0.03 

0.03 

0.32 

0.34 


* Determined after 20 hr incubation. 

(a) Untreated supplements. 

(b) Supplements steamed for 30 min. rritli 0.2 A' A'aOH. 


for Z. Icichmanuii, although thymidine ap- 
pears to be resistant.® The small residual 
effect of liver e.vtract for L. Icichmannli after 
alkali treatment is presumably due to thymi- 
dine and other desoxyribosides. In contrast 
to the results with L. leicJnnamii, the response 
of Leuconostoc citrovonim 8081 to liver ex- 
tract was unchanged following treatment with 
alkali and it was also noted that L. citrovorum 
did not respond to vitamin Bu. In accord 
with the results of Sauberlich and Baumann^ 
it was found (Table I) that L. citrovorum 
gave only a partial growth response with thy- 
midine as compared to a marked response with 
liver extract, thus supporting the view that 
there is an unknown “citrovorum factor”, in 
addition to thymidine, in liver extract. The 
data of Table I demonstrate that this factor 
is not identical with the factor required by 
Lactobacillus leichmamit, and show that the 
“citrovorum factor” is stable to steaming 
with 0.2 X NaOH for 30 minutes. Lyman 
and Prescott' have noted that the “citro- 
vorum factor” is stable to alkali. 

The report that high levels of pteroylglu- 
tamic acid (PGA) could in the presence of 
purine bases replace the “citrovorum factor.”® 
and the finding that 4-amino pteroylglutamic 

« Hoffmann, 'fTET^tokstad, B. L. B., Hutch- 

iugs, B. L., Dornbusb, A. C., uiui .Tukos, T, IL, 
J. Biol. Clicm., in press. 

"Lyman, C. L., and Prescott, J. ST., Fed. Free., 
1949, 8, 220. 

8 Sauberlicli, H. E., Fed. Froc., 3949, 8, 24f. 


acid, a PGA antagonist, produces an inhibi- 
tion of the growth of L. citrovorum tvhich is 
reversed by natural materials containing the 
“citrovorum factor,”® prompted further study 
of the role of PGA in the nutrition of X. 
citrovorum. The data of Table II show that 
although after 36 hours incubation thjmiidine 
or PGA when assayed singly can onh' partially 
replace the factor required by this organism, 
the simultaneous addition of thymidine and 
PG.4i to the medium resulted in marked growth 
after only 18 hours incubation. These re- 
sults give additional indication of a relation- 
ship between PGA, thymidine and the “citro- 
vorum factor.” In other e.xperiments, it was 
found that the addition of 10 y of vitamin 
Bi» per 2 ml medium to tubes containing thy- 
midine and PGA had no additional effect on 
grow’th. The addition of /'-aminobenaoic 
acid, pteroyltriglutamic acid, pteroic acid or 
xanthopterin to tubes containing thymidine 
(Table II) in no instance gave the marked 
effect on growth produced by the mixture of 
thymidine and PGA. It was also noted that 
after a 12-hour incubation period the re- 
sponse of the organism to liver extract was 
much greater than the response to thymidine 
^ius PG.A. This finding suggests that (he 
pre-formed factor was present in liver ex- 
tract but that in the tubes containing thy- 
midine and PG.A. some additional transforma- 
tion must have occurred. However, it is ap- 
parent that the presence of thymidine and 
PG.A in natural materials could have a marked 



Growth Factors tor Lcuconostoc dtrovorum 


551 


TABLE 11. 

Kelationships Between Thymidine, Pteroylglntamic Acid, and Belated Compounds for Growth 

of Lcuconosioc cilroiorum. 


Additions to 2 ml medium 


Optical densitv after incubation time of 
12 hr ■ 18 hr 36 hr 

None 


0.04 

0.04 

0.06 

10 7 thymidine 


0.08 

0.17 

O.PS 

10 7 ptcToylglutamic acid (PGA)* 


0.04 

0.04 

0.38 

10 7 thymidine -f- 10 7 PGA 


0.40 

1.40 

1.70 

10 7 thvmidine -p 10 7 p-aminohcnzoic acid 


0.04 

0.15 

0.04 

10 7 ” 4- 10 7 pteroyltriglutamic acid 


0.04 

0.20 

1.40 

10 7 ” -f- 10 7 ptcroic acid 


0.04 

0.15 

1.02 

10 7 ” 10 7 xanthopterin 


0.04 

0.15 

0.96 

10 ftl liver extract 


1.10 

1,80 

1.80 

* Purified PGA containing at least 98.8% PG.A (moisture free basis) was 
experiments. 

TABLE III. 

used in these 

Betermination of B, Values of Fractions of i 
P.aper Chromatography Using Lnctobacillvs 

i Liver 

Extract, 15 

Units per cc 

Separated bv 

leichmannii .and 

Lcvconostoc 

cHrovonim as 


Indicators. 


Bt values of growth factors 


Substance chromatographed 

Zones 

Lflct obneidus Icirlnnniinii 

Lfiicojiostoc n'frovonm 

Liver extract 

1 

0.05 



2 

0.45 

— 


3 

— 

0,55 


4 

0.60 

0.64 


5 

0.72 


Vitamin. Bjo 

1 

0.07 


Thymidine 

1 

0.63 

0.64 

Hixturo of guanine dcsoxy- 
riboside and bypoxantbine 
dcsoxyriboside 

1 

0.42 


effect on the response of L. citrovorum. 

Liver extract was separated into a number 
of fractions by paper-strip chromatography 
following a technic similar to that of Winston 
and Eigen.® A mixture of 9 parts n-butanol; 
1 part acetic acid was used as the mobile 
phase. The strip chromatograms were laid 
on a nutrient agar suitable for the growth of 
the test organisms, the agar was seeded with 
the appropriate organism, and incubated. 
The zones of growth indicated the positions 
of the growth factors present in the liver ex- 
tract. Chromatograms of known compounds 
gave Rt values of aid in identifying the frac- 
tions separating in liver extract. Table III 
summarizes the Rj values found on chroma- 
tographing liver extract using Lactobacillus 

9Winsteu, W. SioI.^h^mT, 

1949, 177, 9S9. 


IcichmannV; and Lcuconosioc cilrovomm as 
test organisms. In accord with recent investi- 
gations* L. leichmannn responded to 
fractions in liver corresponding to vitamin Bjs 
(Rf 0.05), guanine and hj'poxan thine des- 
oxyribosides (R, 0.45), thymidine R{ 0.60), 
and an as yet unidentified component (R^ 
0.72). Of great interest in the present in- 
vestigation was the finding that L. citrovorum 
not only responded to thymidine (Rf 0.64) 
but also to another component presumably 
the “citrovorum factor” (Rf 0,55) in the 
liver extract. No zones of growth of X. 
citrovorum were observed in the positions on 
the chromatogram corresponding to vitamin 

lOKitay, E., Snell, E, E., and McA'utt, VT. S., 
tT. SwI. Chem., 1949, 177, 993. 

11 Hoff' Jorgensen, E., J. JSiol. Clicm., 1949, 178, 

eoer ^ ^ 
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, TABLE I. 

Effect of Alknli on Growth Promoting Action of Concentrated TAver Extract 15 IT S P Unit"; 
per cc, for LactnhaciUtis Iciclimannii and Lriicounstnc citrovorum. 


Optical density* 


Additions to 2 ml mcdinni 


Lactohacillus leichmannii 
(!>) (b) 


LcuconORioc citrovorum 


Kojic 

ni 



0.28 

0.28 

0.03 

0.03 

0.03 

aver extract 

1.15 

0.46 

0.08 

0.08 

0.1 

f 3 

7 7 

3 7 

1.33 

0.66 

0.20 

0.19 ‘ 

0.3 

1.0 

3.0 

i f 

3 3 

3 

3 3 

3 3 

3 3 

>3 

3 3 

3 3 

1.32 

1.39 

1.40 

0.90 

1.25 

1.42 

0.42 

0.94 

1.45 

0A2 

0.92 

1.50 

10.0 

3 3 

33 

3 3 

1.50 

1.50 

1.90 

1.90 

10 m-y 

' -Vitamin B 

12 

1.40 

0.40 

0.03 

0.03 

10 y 

thjmidine 


1.20 

1.00 

0.32 

0.34 


(a) Untreated supplements. 

(b) Supplements steamed for 30 min. with 0.2 E XaOH. 


for L. leichmannii, although thymidine ap- 
pears to be resistant.® The small residual 
effect of liver extract for L. leichmannii after 
alkali treatment is presumably due to thymi- 
dine and other desoxyribosides. In contrast 
to the results with L. leichmannii, the response 
of Leuconostoc citrovorum 8081 to liver ex- 
tract was unchanged following treatment with 
alkali and it was also noted that L. citrovorum 
did not respond to vitamin Bia. In accord 
with the results of Sauberlich and Baumann^ 
it was found (Table I) that L. citrovorum 
gave only a partial growth response with thy- 
midine as compared to a marked response with 
liver extract, thus supporting the view that 
there is an unknown “citrovorum factor”, in 
addition to thymidine, in liver extract. The 
data of Table I demonstrate that this factor 
is not identical with the factor required by 
Lactobacillus leichmannii, and show that the 
“citrovorum factor” is stable to steaming 
with 0.2 N NaOH for 30 minutes. Lyman 
and Prescott" have noted that the “citro- 
vorum factor” is stable to alkali. 

The report that high levels of pteroylglu- 
tamic acid (PG.A.) could in the presence of 
purine bases replace the “citrovorum factor,”® 
and the finding that 4-amino pteroylglutamic 

0 Hoffmaiu^ C. E., Stoksf.id, E. L. B., Hutch- 
ings, B. L., Dornbush, A. C., and Jukes, T. H., 
/. Biol. Cliem., in press. 

" Lym.m, 0. L., and Prescott, J . M., Fed. Froc., 
19i9, 8, 220. 

sSnubcrlich, H. E., Fed. Froc., 1949, 8, 247. 


acid, a PG.^ antagonist, produces an inhibi- 
tion of the growth of L. citrovorum which is 
reversed by natural materials containing the 
“citrovorum factor,”® prompted further study 
of the role of PGA in the nutrition of L. 
citrovorum. The data of Table II show that 
although after 36 hours incubation tbjTnidine 
or PGA when assayed singly can only partially 
replace the factor required by this organism, 
the simultaneous addition of thymidine and 
PG.A to the medium resulted in marked growth 
after only IS hours incubation. These re- 
sults give additional indication of a relation- 
ship between PGA, thymidine and the “citro- 
vorum factor.” In other e.xperiments, it was 
found that the addition of 10 y of vitamin 
Bjs per 2 ml medium to tubes containing thy- 
midine and PGA had no additional effect on 
growth. The addition of /-aniinobenzoic 
acid, pteroyltriglutamic acid, pteroic acid or 
xanthopterin to tubes containing thymidine 
(Table II) in no instance gave the marked 
effect on growth produced by the mixture of 
thymidine and PGA. It was also noted that 
after a 12-hour incubation period the re- 
sponse of the organism to liver extract was 
much greater than the response to thymidine 
plus PG.^. This finding suggests that the 
pre-formed factor was present in liver ex- 
tract but that in the tubes containing thy- 
midine and PGA some additional transforma- 
tion must have occurred. However, it is ap- 
parent that the presence of thymidine and 
PG.A in natural materials could have a marker! 
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paired ability for hepatic estrogenic inactiva- 
tion”.® In connection vrith the established 
lipotropic activity of estrogens in the strains 
hitherto tested*-® the claim that in the Fischer 
strain “extensive fatty infiltration of the liver 
develops -when massive doses of estrogen are 
administered” (alpha-estradiol) appeared to 
be of particular interest. Thus, the possi- 
bility that the response of the inbred Fischer 
strain to estrogens might difier from that pre- 
viously established in other strains, made it 
desirable to test the effect of estrogen on rats 
of this strain kept on an alipotropic diet. 

Experimental. The same general proce- 
dures were followed as were prewously re- 
ported.*-® Young adult rats, weighing 120- 
180 g. were used. .Aill of the ahimals were 
bred and raised in our laboratory from rats 
of the Fischer strain received, through the 
courtesv of Dr. A. Segaloff, from Dr, W'. F. 
Dunning (Wavme University, College of 
Medicine, Detroit), i^s usual, control and 
treated animals were run simultaneously in 
all e.xperiments. WTien all of the animals of 
an e.-q)eriment could not be run at one time, 
equal numbers of the various groups were 
started together. -Ml of the animals received 
the same alipotropic diet which was of low 
protein-high fat type. It, and the vitamin 
supplements, were described in the prer-ious 
paper.* In the e.vperiments with ethinyl es- 
tradiol the hormone reduced the appetite of 
the rats to such an extent that it was necessary 
to run pair-fed controls. 

As estrogens, estrone and ethinjd estradioU 
were used, given orally,® the daily dose being 
dissolved in 2 drops of cottonseed oil. Control 
animals were given 2 drops of oil daily. \^Tien 
methionine was given, the daily dose (50 mg 
dl-methionine) was dissolved in 1 ml of 
water, and mixed nath the vitamin B supple- 
ment. In certain of the e.xperiments, where 
a number of the animals did not drink this 
mixture, it was given to all by stomach tube. 

.At the end of the 21 day experimental 
period, the animals were sacrificed and the 
liver analyzed for total lipide with the same 

\ Etliinvl estradiol was kindly supplied "by 
Roolic-Orcanan, Inc., Xutlcy, X. J. 

t Kindlr furni«;licd by Wyctli, Inc, 


technique used in the previous experiments. 

Results and Discussion. The results ob- 
tained are summarized in the attached Table. 
The most conspicuous difference in the re- 
activity of this inbred strain in comparison 
with that of other strains manifested itself 
in the very high fat content of the liver in 
the untreated animals fed the basal alipotropic 
diet. The average fat content of the liver 
both in male and in female controls of the 
inbred strain was found to be above -30% 
while with other strains in previous work*-® 
the corresponding figures were, as a rule, 
lower than 25 fc, and frequently less than 
20fc. 

.According to our obser\-ations made earlier, 
as well as to reports in the literature,-* even 
within one e.xperimental group the fat con- 
tent of the liver shows often very considerable 
variations, with a distribution curve of wide 
extremes. In contrast, animals of the inbred 
Fischer strain of the present series showed re- 
markable uniformity of response. For in- 
stance, among 18 control animals of Experi- 
ments 21 and 22 (Table) only one rat showed 
a relatively low discrepant figure for liver fat, 
14 .67c, while the figures for all remaining 17 
rats varied only between 30.S and 43.87?, an 
e.xceptionally narrow range for this tx-pe of 
e.xperiment. 

Even with the use of the Fischer strain the 
lipotropic effect of estrogens could clearly 
be demonstrated, but only with ethinyl es- 
tradiol and not -with the much weaker estrone, 
at least not with the doses of estrone given. 
.Addition of methionine increased the lipotrop- 
ic effect of ethinyl estradiol considerably but 
did not accentuate the effect of estrone. Even 
in genetically less homogeneous strains of rats 
estrone acted as a weak lipotropic agent or 
was found to be dex'oid of any lipotropic 
activity.*-® It is probable that in the highly 
inbred Fischer rats, kept on the basal alipo- 
tropic diet, the development of very intensive 
fat infiltration of the liver may e.xert a special 
inhibitory influence as to the manifestation 
of the lipotropic effect of estrogens. In 
further consequence, it is not surprising that 

■< Br-TPrjrlgc,‘.T. M. R., Luc,-iE, C. C., nnd O 'Grady, 
51. K., .T. Biol. Chem., 1945 , ICO, 505 . 
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Bi 2 and the desoxyrifaosides of guanine and 
hj-poxanthine. These observations are in 
full accord with direct growth experiments 
(Table I).^® L. Ieich7nannn showed no zone 
of growth on the chromatogram in the posi- 
tion where the “citrovorum factor” was lo- 
cated. Thus the data of Table III provide 
additional evidence for the separate identities 
of the factors required by L. leichmanmi and 
L. citrovorum and demonstrate the existence 
in liver of an unknown component, not iden- 
tical with thymidine, that promotes the growth 
of L. citrovorum. 

Liver extract, treated with alkali as de- 
scribed in Table I gave results in a paper strip 
chromatogram identical with those shown in 
Table III except that vitamin B 12 was de- 
stroyed as indicated by lack of growth of 
L. leicfwiaimii in the region appropriate to 
vitamin Bjo, 

Summary, 1. Leucouostoc citrovorum was 
found to respond to a growth-promoting factor 


in the concentrated liver extract, but this 
organism did not respond to rdfamin B 12 . 
The alkali-stable nature of the “citrovorum 
factor” further contrasts it with vitamin B 12 . 
2. Two fractions were separated from liver 
extract by paper strip chromatography; one 
of these fractions was presumably thymidine 
and promoted growth of Lactobacillus Ickb- 
mamtii and Leucouostoc citrovorum. The other 
fraction was inactive for L. hiclmannii but 
active for L. citrovorum. 

3. Although thrunidine or high levels of 
pteroylglutamic acid (PGA) when tested 
singly were only partially effective in pro- 
moting growth of L. citrovorum, the simul- 
taneous addition of thymidine plus PGA pro- 
duced marked growth of the organism. This 
finding suggests a functional relationship be- 
tween thymidine, PGA and the “citrovorum 
factor.” 


Beccived June 28, lO-tSi. P.S.E.B.M,, 1949, 71. 


17253, The Lipotropic Effect of Estrogenic Hormones in Inbred Rats.* 
Paul Gyorgy and Catharine S. Rose. 

From the Xvtritional Service of the Department of Pediatries and the Gastro-Intrstinal Section 
of the ttcdicnl Clinic, School of Medicine, University of Pennsylvania, Philadelpha. 


It has been shown"^" that estrogenic hor- 
mones exert in rats distinct lipotropic activity. 
In particular, estrogenic compounds (estrone, 
estradiol benzoate, ethinyl estradiol) allow 
a more efficient use of methionine as a lipo- 
tropic agent. In these studies, various pos- 
sible sources of error were taken in considera- 
tion, such as difference in food intake, weight, 
sex and genetic identity. Further, it has 
been found necessary to run control and 
treated rats simultaneously in all experiments. 
This latter precautionary measure was promp- 

- Tills work was supjiortod by tlie Commission 
on Liver Piscase of tbc Army EpifIcmioIogic.al 
Board, Preventive iSfedicine Pivision, Office of 
the Surgeon General, tVasiiington. P.C. 

1 Gyiirgy. P.. Bose, C. S., and Sliiidey. R. 

Arch. Biochem., 194", 12, 125. 

•-’G.vorgy, P.. Rose, C. S.. and Slii]>Icy, R. A- 
Arch. Biochem.. 1949. 22, loS. 


ted by the observ’ation that e.xperimental 
groups when not run simultaneous^' often dif- 
fered in their absolute response even under 
identical experimental conditions. 

With the exception of a few ex-periments in 
which unidentified strains obtained from a 
local dealer were employed, the studies were 
carried out on rats of the Sprague-Dawley 
strain.^-® In view of the observation that 
various inbred strains may vary more than 
500% in their ability to inactivate estrogen® 
it became necessary to extend the observations 
on the lipotropic activity of estrogens to 
other strains beyond those u.sed in previous 
studies.’-® especially to inbred strains, such 
as the Fischer strain, which shows “ixith a 
high threshold for vaginal estrus and an im- 

sSegalofr, A., mid Pumiing, P-, Bndoenn- 
nlnpy, 194S UU. 289. 
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the lipotropic effect of ethinyl estradiol plus 
methionine appeared to be more pronounced 
in Fischer rats than seen before'-- rvith rats 
of genetically different and less homogeneous 
strains. For instance, in one e.vperiment 
(Table I, Exp. 24), the average fat content 
of the liver in the control animals rvas found 
to be 33.1%, in the group treated with 
methionine, 18.7%, whereas in rats treated 
with methionine plus ethinyl estradiol, the per- 
feet!}- normal figure of 5.7% was reached. It 
should be kept in mind that in these experi- 
ments the animals were pair-led. 

'• In histological examination* the testes of 
rats receiving estrogen showed signs of de- 
generation with consecutive atrophy. In the 
control groups the testes exhibited essentially 
normal histological findings. In female rats 
receiving estrogens constant estrus was ob- 
served in contrast to the control rats and to 
the animals treated with methionine only, 
which showed essentially normal estrous 

? tVe are indebted to Dr. Harry Goldblatt (In- 
stitute for >tcdical Research, Cedars of Lebanon 
Hospital, Los Angeles, Calif.) for the Iiistological 
examination of the testes. 


cy-cles. 

The exceptionally marked response of rats 
of the Fischer strain to an alipotropic diet 
is in good accord with the recently published 
behavior of the same strain with regard to 
methionine uptake bj’ liver slices.* Compared 
with an inbred Wistar strain, liver slices 
obtained from Fischer rats showed a very low 
uptake of methionine. These obseri-ations to- 
gether with the results here presented should 
reemphasize the importance of genetic varia- 
tions in stock laboratory animals when used 
in this type of e.xperiment. 

Conclusions. 1. The fat infiltration of the 
liver in response to an alipotropic diet is more 
uniform and more intensive in rats of the 
inbred Fischer strain than that seen in the 
past in genetically less homogeneous strains. 
2. Estrogen, in particular ethinyl estradiol, 
when given in combination with methionine, 
exerts a very- marked lipotropic effect with a 
corresponding reduction of the liver fat to 
normal values. 

r> Rutman, R., Dcmpslw, E., and Tarver, H., 
J. BM. Chetn.. 1949, 177, 491. 

Received July 22. 1949. P.s!e3.M., 1949, 71. 


17254. Effects of Pituitary Adrenocorticotropic Hormone (AGTH) in Chil- 
dren with Non-Addisonian Hypoglycemia. 


Irvtxe iIcQuARRiE, E, G. Bauer, M. R. Zieguer, and \V. S. Wright. 

From the Department of Fediatric.i, riiirersiti; of llinne-wta iledical Srlionl, ilinnrapoUs 


Severe chronic hypoglycemia of the non- 
Addisonian type presents a difficult etiologic 
and therapeutic problem, unless by good for- 
tune it is found on direct examination of the 
pancreas to be due to a removable adenoma 
of the islet cells in that organ, a comparatively 
rare pathological condition. Dietary control 
of the blood sugar level, which may be quite 
successful in some cases of mild “functional” 
or “recurrent” hypoglycemia, is ineffectual in 
the severe persistent type. Surgical removal 
oi as much as 80 to 85% of the histologically 
normal pancreas, a therapeutic procedure of 
last resort, is likely- to give temparrary- relief 
only, as in two members of the series of pa- 


tients included in the present investigation. 
Cautious use of alloxan in one severe case of 
idiopathic hy-poglycemia appeared to be suc- 
cessful.' Despite its hepatotoxic action, this 
agent deserves further trial but only under 
the strictest supervision. 

Repeated attempts on our part to force 
the gluconeogenetic action of cortin to a de- 
gree sufficient to control non-.^ddisonion hypo- 
glycemia, while midly encouraging in a few 
instances, have been, unsuccessful in the main. 
However, the isolation of pituitary adreno- 

r Talbot, B., Crawford, J. D., and Bailey. 
C. C., Pediatrics. 3948, 1, 337. 
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Days of observation 


Fig. 1. 

Effects of pituitary adrenocortieotropliie hormone (ACTH) on fasting blood glucose and 
eosinophil count in B.G. 


period of similar length. Sugar tolerance 
tests were performed in the pre-period 
and again during the latter part of the 
ACTH period in all cases. In this test 
blood glucose was determined immediately 
before and fifteen minutes, 1 hour, 2 hours, 
3 hours, 4 hours and 5 hours after termination 
of the intravenous infusion of a 25% solution 
of glucose (0.5 g glucose per kg of bodt' wt.). 
The insulin sensitivity test was carried out by 
the “insulin-with-glucose” tolerance test pro- 
posed by Engel and Scott* on the last three 
patients studied. The ability of the pituitarj' 
gland to elaborate or to release .ACTH was 
evaluated in these 3 patients by means of 
the test proposed by Recant, Forsham and 
Thorn,* according to which a marked decrease 
in the eosinophil count 4 hours following the 

S Engel, F. E., and Scott, J. L., Proc. Amer. 
Soc. Clin. Invest.. Atl.nntic Citv, X. J., 5Iar 2, 
1049, p. 17. 

f Kecaiit. L.. Forsliam, P. H., and Thom, G. W., 
.7. Clin. ICndorrin., 104S, 8, 5S9. 


intravenous infusion of epinephrine indicates 
a normal response. The dosage of epinephrine 
was adjusted to the size of the child. R.R. 
was given 0.3 mg in 50 ml of saline solution; 
D.R. 0.4 mg in 60 ml, and Dn. R. 0.5 mg in 
70 ml, the infusion running one hour. 

Results. The experimental data on the 5 
subjects with non-.Addisonian h\pogl 3 xemia 
included in this studj^ indicate that their re- 
sponses to -ACTH administration are similar in 
type to those reported for normal adult sub- 
jects.-'-’® Severe hjpoglycemia and atten- 
dant symptoms were completely abolished 
during the period of intensive hormone ad- 
ministration and for at least a week after its 
withdrawal. The sharp fall and the ab- 
normally prolonged low level of blood sugar 
in the glucose-tolerance cunx. which repre- 
sented the characteristic response of each of 
the patients during the control period, were 

10 Forsham, P. H.. Thorn, G. W.. Pruiity, F. 
T. G., and Ilins, .4. G., J. Cti'n. Endocrin., 19i8 
S. 15. 
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corticotropin (ACTH) in purified form b}' 
Li, Evans and Simpson- and by Sayers, \^Tiite 
and Long® and the demonstration of its dia- 
betogenic effects in normal adult subjects by 
Browne* and Conn, Louis and Wheeler® en- 
couraged us to resume our earlier attempts to 
counteract abnormal hj^iogiycemic reactions 
by the administration of a long-acting hor- 
monal agent having a physiological action an- 
tagonistic to that of insulin. 

The investigation on the metabolic and 
clinical effects of ACTH reported here was 
carried out first on 2 severely afflicted chil- 
dren (B.G., age 1 year, and her brother J. G., 
age 4J4 years) and subsequently on 3 addi- 
tional cases, (brothers, R.R., age 1 year, 
D.R., age years, and Dern. R., 4)4 years 
of age) of the less severe “recurrent” or 
“functional” type. The infant, B.G., had 
manifested such frequent and severe hypogly- 
cemic reactions, including numerous convul- 
sions, that she had been subjected to partial 
pancreatectomy when the use of a variety of 
therapeutic measures, including frequent feed- 
ings of either a high-protein, low-carbohy- 
drate, or a high-carbohydrate diet, had failed 
to alleviate her condition. An estimated 80 
to 85% of her histologically normal pancreas 
had been extirpated. Although this radical 
procedure had resulted in restoration of the 
fasting blood sugar to normal values with 
complete relief from hypoglycemic symptoms 
for about three weeks, the hypoglycemic state 
had recurred shortly thereafter in a degree of 
severity almost as marked as that observed 
before the operation. The older brother, J.G., 
who had followed a similar metabolic and 
clinical course over a period of 3 years was 
only slightly better off than B.G., despite the 
surgical removal in two successive operations 
of even a greater proportion of his apparently 
normal pancreatic tissue. The other three 
patients had likewise had severe hypogly- 

C. H., Simrson, JI. E., and Evans, 11. 11., 

J. Siol. Chcm., 1943, J49, 413. 

3 Sayers, G., White, A., .and Long, C. N. H., J. 
Biol. Chem., 1943, 140, 425. 

■1 Browne, J. S. L., Josiali Macy .Tr. Foundation 
Report, New York, June, 1943. 

a Conn, .7. W., Louis, L. H., and Wlieeler, C. E., 

J. Loll. Cli«. Itfd., 194S, S3, G51. 


cemic symptoms including convulsions when 
for any reason their food intake was reduced. 

Methods. In order to insure quantitative 
collections of all urine and feces as well as 
accurate accounting of the amounts of the 
special dietary formula consumed by each pa- 
tient, special nurses were assigned to the small 
metabolic ward where the experimental sub- 
jects were kept on specialh’- constructed col- 
lection frames. The standard semi-liquid diet, 
calculated to be nutritionally adequate in 
every respect, contained 42 g of protein, 45 g 
of fat and 118 g of carbohydrate in each kg. 
The daily alloivance, adjusted to the caloric 
needs of the individual subject, was given in 
three equal meals shortly after 7:00 A.iVI., 
1:00 P.M., and 7:00 P.M. 

Fasting blood samples for glucose and 
eosinophil cell counts were obtained routinely 
at 7:00 A.M. every day or every second day 
throughout the entire period of study. The 
potassium and inorganic phosphorus of the 
serum w’ere determined at the end of each 
major period. The 24-hour urine samples were 
analysed while fresh for total nitrogen, uric 
acid, creatinine, phosphorus, chloride, sodium 
and potassium throughout the entire period of 
study and for 1 l-o.\y corticosteroids and 17- 
ketosteroids during the last two days of the 
control and ACTH periods. When successful- 
ly collected, stools for each major period were 
analysed for N, P, Cl, Na and K. Standard 
analytical methods were employed for the 
various substances named. The “true” blood 
glucose was determined by Nelson’s® modi- 
fication of the Shaffer-Somogyi' method, ac- 
cording to which values below SO mg/100 ml 
are regarded as hypoglycemic. 

In each experiment ACTH* ivas adminis- 
tered intramuscularly in equal doses (either 
9 or 10 mg equivalent to Armour standard 
preparation LA-l-A) every six hours over a 
period of 4 days. This test period was pre- 
ceded by a control- or pre-period of several 
days length and was followed by a post- 

Nelson, ?t., L. Biol. Cfiem., 1944, .77.5. 

7 siiafTcr, P. A., niid Somog.vi. M., J. Biol. 
Chem., 79.33. 400, 09.5. 

'.‘Supplied I'V tjie Annmir I>;)tj(ir!itories flirnngfi 
(lie conrte.sv of Dr. .Tolin R. Mole, Meilie:il li). 
rector. 
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the cases, were decreased from an . average 
of 5.S0 meq/1 in the pre-period to 5.06 
meq/1 at the end of the ACTH period. At 
the same time the P was decreased from an 
average for the group of 3.03 to 2.79 meq/l. 
These decreases in serum K. and P are inter- 
preted as an indication of glycogen deposi- 
tion during the .\CTH period rather than be- 
ing due to increased e.vcretion. The magni- 
tude of the decrease in retention of these two 
elements appeared to be far too small to in- 
fluence blood composition. 

The mucoprotein and the non-specific hyal- 
uronidase inhibitor of the serums of the pa- 
tients were both found by our colleagues, R.A. 
Good, V. C. Kelley, and D. Click, to be in- 
creased at the end of the ACTH period by 
nearly 100% of the control levels. These 
elevations were transient, however, essential- 
ly normal values being found 4 days after 
. withdrawal of the hormone. 

Siniiviary. The effects of ACTH on the 
fasting blood sugar level and glucose tolerance 
test; on the potassium and inorganic phos- 
phorus content of the serum: on the nitrogen, 
phosphorus, chloride, sodium and potassium 
balances: on the urinary e.xcretion of uric acid, 
creatinine and adrenal corticosteroids and on 


the blood eosinophil counts were determined 
in 5 young children with hon-Addisonian 
(familial) hjpoglycemia. The type of re- 
sponse to .^lCTH was similar in all respects 
to that of the normal adult. However, under 
the conditions of this experiment, instead of 
producing a transient state of diabetes mel- 
litus, as it does in the normal subject, the 
ACTH appeared merely to reverse the h\-po- 
glycemic tendency', with return of the fasting 
blood sugar level and the glucose tolerance 
curve to normal. While the eosinophil count 
returned to normal promptly upon withdrawal 
of .\CTH, the blood sugar remained above 
the threshold for hypoglycemic reactions for 
at least 10 days without .\CTH in the most 
severe case in the series (Fig. 1). .Adminis- 
tration of IS mg of ACTH in one dose every 
48 hours thereafter served to maintain this 
one-year-old patient in an essentially non- 
hypoglycemic state for more than three ad- 
ditional weeks. Results of the study suggest 
that ACTH may prove to be as effective in 
the control of this non-.Addisonian hyqiogly’'- 
cemic disorder as insulin is in the control 
of diabetes mellitus. 


Koceivecl .Tune 10, 1949. P.S.E.B.M.. 1949, 71. 


17255. Prevention of Chemotherapeutic Effects of 4-Amino-Ni®-Methyl- 
Pteroylglutaniic Acid on Mouse Leukemia by Pteroylglutamic 


Acid.* 


J. H. Burchen.al,! AI. X. Kushida, S. F. Johnston and AI. A. Crexier. (Intro- 
duced by' C. P. Rhoads.) 

From the Section on Lcuhemia, Division of Experimental Chemothcrapii, Sloan-Kettering 
Institute for Cancer Ecscarch, Xcir York City. 


Certain derivatives of pteroylglutamic acid 
(PG.A) which have in common the substitu- 
tion of an amino group in the 4 position of the 

^ This investigation was supported, in part, by 
a researcli grant from The National Cancer Insti- 
tute of The National Institute of Health, United 
States rublic Health Service, and, in part, by a 
research grant from The American Cancer Society. 

t Fellow of The American Cancer Society, rec- 
ommended by pie Committee on Growth of The 
National Research Council. 


pteridine ring have a demonstrable effect 
against some strains of transplanted mouse 
leukemia^-® and against solid tumors in mice 

1 Burchenal, J. H., Burchcnal, ,T. R., Kushida, 
il. N., Johnston, S. F., and Williams, B. .S., 
Cancer, 1949, 3, 113. 

-Law, L. TV., J. Xat. Can. Inst., in press. 

3 Burchenal, ,1. H., Johnston, S. F., Burchcnal, 
J. R., Kushida, JI. N.. Robinson, E., and Stock, 
C. Clicster, Proc. Soc. Exp. Biol. .\xd Med., 1949, 
71 , .381. 
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found to be absent during the period of ACTH 
administration, the curve becoming essential- 
ly normal. None of the 5 patients show^ 
sugar in the urine at any time during the 
entire period of study, except for the mild 
glycosuria which occurred at the height of the 
glucose tolerance test made in the ACTH 
period. Insulin hypersensitivitj'’ was like- 
wise counteracted to a large extent by the 
ACTH in the cases tested. The eosinophil 
cell counts 4 hours after infusion of epineph- 
rine averaged 31/cmm compared to the 
average initial count of 133. This 79% 
fall was interpreted as indicating normal 
capacity on the part of the pituitary to pro- 
duce ACTH in the 3 cases tested. 

The eosinophil cells of the blood fell pre- 
cipitately from the normal range (between 100 
and 350/cmm) to between 0 and 10/cmm 
within 4 hours after ACTH was first adminis- 
tered and remained at this low level so long 
as the hormone was given at 6-hour intervals. 
While the fasting blood sugar during the post- 
period tended to remain for a number of days 
at levels intermediate between the hypogly- 
cemic values of the pre-period and the normal 
values of the ACTH period, the eosinophils 
returned to their original normal counts fairly 
promptly, usually within a day. Responses of 
the blood glucose and eosinophil cell count to 
ACTH administration are illustrated in Fig. 

1 which presents data obtained on B.G., the 
most severe case in the series. Changes in the 
other four cases were verj' similar to these. 
The only untoward effects of the .ACTH were 
a transient vasopressor reaction after each 
injection and a moderate tendencj- to oliguria 
during the first day or two of intensive admin- 
istration. These effects appear to be due to 
contamination with posterior pituitary hor- 
mones. 

During a follow-up period of 94 days sub- 
sequent to the “post-period” shown in Fig. 1, 
ACTH was administered to B.G. in a dose 
of 18 mg once every' 2 days. The fasting 
blood sugar was then determined at the end 
of each 48-hour period, when it would pre- 
sumably be at its lowest level. The values 
so obtained w'ere found to range between 40 
and 68 mg/100 ml throughout the period, ex- 
cept for a few days when the patient refused 


part of her diet because of an upper respira- 
tory infection. Two of the morning valuc.s 
at that time were 24 and 16. Her diet, which 
was unrestricted, was taken avidly throughout 
the remainder of the period and the gain in 
weight was satisfactory. She learned to walk 
alone in the inten'al. No clinical signs of 
hypoglycemia or of toxic side effects were ob- 
served at any time. On the contrary, the 
ACTH appeared to be almost as specific for 
the control of this severe hypoglycemic dis- 
order as insulin is for the control of diabetes 
mellitus. 

The urinary excretion of 1 l-oxycortkos- 
teroids and 1 7-ketosteroids was increased as 
a result of the ACTH injections by percen- 
tages ranging betiveen 75 and 400. At the 
same time, the uric acid excretion increased 
50 to 100%. Whereas intensive administra- 
tion of ACTH has been reported to induce a 
negative nitrogen balance in roost normal 
adult subjects, a positive balance was main- 
tained in all periods in these very young, 
growing subjects, as long as the full diet was 
taken. However, the magnitude of the posi- 
tive balance -sras less during the period of 
intensive ACTH administration than during 
the pre- and post-periods. In the one patient, 
B.G., whose stool, as well as urine, analyses 
have been completed up to date, the phos- 
phorus balance w'as Iikei,vise slightly positive 
in all periods. The size of the positive balance 
during the ACTH period, however, was less 
than that for the fore-period and the after- 
period. Sodium and chloride showed no sig- 
nificant tendency to increased retention dur- 
ing the ACTH period, but showed a fairly 
marked increase in excretion in the post- 
period. The comparatively low XaCl content 
of the diet may account in part for the low 
decree of retention. Potassium showed a 
small negative balance during the ACTH 
period but positive balances for the pre- 
period and the post-period. 

There were small but consistent changes in 
the potassium and inorganic phosphorus of the 
blood serum of all 5 of the subjects as a result 
of ACTH administration. In c\’ery instance 
both elements fell to lower levels. The fast- 
in’’ K values, which were slighih' elevated in 
3 and near the upper limit of normal in 2 of 
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TABLE I. 

Prevention of tlie Anti-leulccinic Effect of j-Amino-Xlo-Metli vl-PGA Ijt Ptcroylglutamic Acid. 

Dose, mg/kg Survivnl time in days 

,, , Xo. of , , 


E.vperiment 

SK 1275 

PGA 

mice 

Range 

llean 

S.D. 

1 





20 

10-lS 

12 

-<-1.87 


3 

GO 

10 

13-24 

IG 

-<-.3.32 


3 

— 

7 

22-41 

30 

2:5 84 

O 

-- ■ 


IS 

10-lS 

13 

-<-1.79 


3 

30 

20 

12-29 

17 

±1.27 


O 

(J 

— - 

19 

27-49* 

31 

±•5.3 

3 

— 


IS 

11-17 

13 

-<-1.52 


3 

CO X 4 

30 X 4 

17 

9-lS 

IG 

±2.19 


3 

— 

11 

21-39 

30 

±9.8 

4 




22 

9-14 

11 



3 

GO 

10 

12-17 

14 

-<-1.51 


3 

30 

10 

10-19 

14 

-<-2.80 


3 

15 

10 

12-431 

OO 

-<-8.48 


3 

3 

10 

23-2S 

2G 

-+-1.S4 


3 

— 

20 

22-431 

30 

-<-4.17 


* 2 mice surviving at 49 days. 

1 1 mouse surviving at 43 days. 


TABLE II. 

Proventioii of Anti-leukemic Effect of 4-Ammo-yio-Mctliyl-P0.4. by Ptcro.vltriglutamic Acid. 


Dose, nig/kg 


Xo. of 
mice 

Survival time in days 

4-Amino-A'iO-metIiyI-PGA 

PTG.A 

Bctnge 

Mean 

.S.D. ' 

— 

— 

20 

8-13 

10 

-*-1.53 

— 

400 

10 

9-12 

11 

-<-1.38 

3 

400 

9 

12-19 

IG 

-+-2.64 

3 

200 

10 

15-20 

IS 

-<-1.69 

3 

100 

9 

13-24 

19 

-<-2.S2 

•> 

50 

10 

13-34* 

20 

-1-5.49 

.3 

25 

10 

17-30 

25 

-+-3.S9 

3 

12.5 

10 

19-30 

2G 

-+-3.29 

3 

6.23 

9 

27-34* 

29 

-+-2.23 

3 

— 

19 

19-34t 

28 

±3.79 


* 1 mouse surviving at 34 days. 
1 2 mice surviving at 34 days. 


acid {PTG.\)'-’ was also tested by this technic 
for its ability to prevent the anti-leukemic 
effect of 4-amino-XW-methyl-PGA. Table II 
shows the effect of this conjugate of PG.^. 
Some prevention of the chemotherapeutic 
action of a standard course of the antagonist 
was noted at 50 to 400 mg, dig, but none at 
6.25 to 25 mgAg. 

Discussion. 4-amino-N*'*-methyl-PG.\® was 
used in preference to 4-amino-PGA in these 

n Boothp, J. H., H,, Hm^Uhigs, bTiT, 

Angicr, E. B.. W.nlier, C. W., Stokstad, E. L. R., 
Semb, .1., Gas=ola, A. L., and Subbarmv, Y., Trans. 
S’, r. Acn<l. Sc., 394S. 10, 70. 


experiments since its chemotherapeutic ef- 
fect against leukemia Ak 4 is greater and more 
consistent.^’® The inhibitor}- action of this 
anti-metabolite against Streptococcus jecalis 
R has been shorvn by Franklin et al.^^ to be 
of high degree, but reversible by appro.xi- 
mately equal amounts of PGA over a range of 
10 to 10,000 y per 10 ml of medium. In the 
weanling Wistar rat on a purified diet sup- 
plemented with 10.0 mgAg of PGA, good 
growth occurred at 1.0 mgAg of 4-amino- 
N‘°-methyl-PG.A, but animals fed 3.0 mg of 

w Franklin, A. L., Belt, JlTstokstad, E. L. R., 
and Jukes, T. H., .7. Biol. Chem., 1949, 177. G21. 
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INHIBITION OF THE ANT1-LEW(EMIC EFFECT 4-AMNO N*® METWL PGA 



•.DEATH CF ONE MOUSE SURVIVAL TIME IN DAYS 
4.AM1N0N'°METHYL** •One mouse sur/iwb 

MAftPCA fliven SXweeWy for 10 doses. One oddHionoI dose of PGA givEB 24his. before start of ^ 

Fia. 1. 


and rats.*'® The beneficial effects of such 
compounds in some cases of acute leukemia 
in children were first reported by Farber et 
al.~ and have since been confirmed by numer- 
ous clinical trials. 

In an attempt to elucidate the mode of 
action of the 4-amino analogs of PGA against 
leukemic cells, an investigation was undertak- 
en to determine ivhether prior administration 
of PGA could prevent the anti-leukemic ef- 
fects of 4-amino-N^‘’-methyl-PGA. 

Kxpcrimeutal. The procedure for inoculat- 
ing mice of the AKm stock with leukemia Ak 
4 was similar to that reported previously.*’® 
0.1 ml of a saline suspension of leukemic 
spleen containing 1,000,000 cells was injected 
intraperitoneally. Forty-eight hours later, 

' i Scliowibnch, eTb., A., Goldberg, B., 

nnd Ortega, L. G., Cancer, 1949, 2, 37. 

5 Sugiur.-!, K., Moore, A. D., and Stock, C. 
ciiester, Cancer, 1949, 2, 491. 

0 Moore. A. D.. Stock, C. Chester, Sngiurfl, K., 
and Rlioads, C. P., Proc. Soc. Exp. Biol, akd 
JIno., 1949, TO, 396. 

" Farber S., Diamond, L. K.> fiercer, It. D., 
Svlvester, R. F., and Wolff, J. A., Ae.e Enff. J. 

194.9. 2S8, 7S7. 


treatment with 4-amino-N*''-niethyl-PGA.*'' 
•was started in the maximum tolerated dose of 
3 mg/kg 3 times weekly for 10 doses by tlie 
intraperitoneal route. Intraperitoneal injec- 
tions of PGA were started 24 hours after the 
inoculation of the leukemia and then ghen 
one hour before each dose of the antime- 
tabolite. \*ariDus dosage levels of PGA \yere 
studied against the standard dose of 4-aniino- 
N*®-methyl-PGA. As can be seen from Fig. 
1 and Table I, PGA administered at levels of 
60 and 30 mgAg hy this schedule blocked 
the anti-leukemic efiects of the antagonist. 
The mice so treated died at approximately the 
same time as the controls whereas the mice 
treated with 4-amino-N»'-methyl-PGA alone 
sundved at least twice as long as the controls^. 
When the dosage level of PG.\ was only la 
mg /kg, less blocking of effect was seen and 
wUh 3 mg/kg there %vas almost none. 

\ less" toxic conjugate, pteroyltriglutamic 


rT^Timlebtcd to Dr. WilUnms .mil the l.-itc 
tarroir of the Lcdcrlc L.’ih(ir!i<ori."i fi.r i.iir 
of this compound. 

th J. M., .Tr.. CoMilich, D. B.. UnlKpiGt. 
.md Scog", D. R., Trane. .Y. !'■ .-fend, of 
S, 82, 10, 
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TABLE I. 

Prevention of tlie Anti-leukcinic Effect of LAmino-Xio-Mctlivl-PGA by Ptcroylgiutamic Aeiil. 



Dose, mg/kg 

Xo. of 
mice 


Survival time in day; 

s 

Experiment 

SK 1275 

PG.A 

Range 

Mean 

S.D. 

1 





20 

10-18 

12 

-^1.87 


3 

CO 

10 

13-24 

IG 

_i^O oo 


O 

— 

7 

22-41 

30 

±a 84 

2 




IS 

10-lS 

13 

-^1.79 


3 

30 

20 

12-29 

17 

-^1.27 


3 

— 

19 

27-49’ 

31 


3 





IS 

11-17 

13 

-^1.52 


O 

o 

GO X4 

30 X 4 

17 

9-lS 

IG 

±2-19 


3 

— 

11 

21-59 

30 

±9.8 

4 



__ 

oo 

9-14 

11 

-*'1.2*2 


3 

GO 

10 

12-17 

14 

-’-1.51 


3 

30 

10 

10-19 

14 

-’-2.8G 


3 

15 

10 

12-43f 

oo 

r=S.4S 


3 

3 

10 

23-28 

2G 

-’-1.84 


O 

— 

20 

22-43 1 

30 

-’-4.17 


* 2 mice surviving at 49 days, 
i 1 manse surviving at 43 days. 


TABLE II. 


Prevention of Anti-leukcmie 

Effect of 

4-.Amino-Xit>-Mct))yI-PGA by 

Ptero.vltriglutainic 

Acid. 

Dose, mg/kg 


Xo. of 
mice 

Surviv.il time in days 

4-.4mino-XiO-metIiyl-PGA 

PTG.A 

/ 

Range 

Mean 

S.D. 

— 

— 

20 

S-13 

10 

-’-1..53 

— 

400 

10 

9-12 

11 

-’-1.3S 

3 

400 

9 

12-19 

IG 

-’-2.G4 

3 

200 

10 

15-20 

18 

rkl-69 

3 

100 

9 

13-24 

19 

-’-2.S2 

3 

50 

10 

13-34* 

20 

-’-5.49 

3 

25 

10 

17-30 

25 

-’-3.89 

3 

12.5 

10 

19-30 

2G 

-’-3.29 

3 

6.25 

9 

27-34* 

29 

-i-2.23 

3 

— 

19 

19-34t 

2S 

-’-3.79 


* 1 mouse surviving at 34 days, 
i 2 mice surviving at 34 days'. 


add (PTG.A)^' was also tested by this technic 
for its ability to prevent the anti-leukemic 
effect of 4-amino-X>'’-methyl-PGA. Table II 
shows the effect of this conjugate of PG.\. 
Some prevention of the chemotherapeutic 
action of a standard course of the antagonist 
nas noted at 50 to 400 mg/kg, but none at 
6.25 to 25 mg/kg. 

Discussion. 4-amino-N'®-methyl-PG.A® was 
used in preference to 4-amino-PGA in these 

•' Boothe, J. II., H., aitddiigsTBrir, 

^ugicr, R. B., AVailcr, C. W., Stokstad, E. L. B., 
-emb, .r., Gas-ola. A. L., and Subirarow. T., Trans. 
A. r. Acad. .Sc., 194S, 10, 70. 


experiments since its chemotherapeutic ef- 
fect against leukemia Ak 4 is greater and more 
consistent.^-^ The inhibitory action of this 
anti-metabolite against Streptococcus Jccalis 
R has been shown bt’ Franklin et al.^° to be 
of high degree, but reversible bt'’ appro.xi- 
mately equal amounts of PG.\ over a range of 
10 to 10,000 '/ per 10 ml of medium. In the 
weanling Wistar rat on a purified diet sup- 
plemented with 10.0 mgAg of PG.A, good 
growth occurred at 1.0 mg/kg of 4-amino- 
X‘®-methyl-PG.-^, but animals fed 3.0 mg of 

10 Franklin, A. L., Belt, AL, .Stokstad, E. L. R., 
and Jukes, T. H., J. Biol. Chem., 1949, 177. C21. 
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the anti-metabolite per kilo of diet all died. 
When the dosage of PGA was increased to 
100 mg/kg the rats at the 3.0 mg/kg level 
survived, but no protection was noted at the 
10 mg/kg level of anti-metabolite. In the 
chick, the same investigators’® found a slight 
inhibition of growth by 3 mg of the antagonist 
per kilo of purified diet in the presence of 
0.1 mg/kg of PGA. When the level of PGA 
was raised to 10 mg/kg, this inhibition of 
growth was prevented. Hertz and Tullner” 
found that with this compound inhibition of 
the estrogen induced response of the chick 
oviduct could be obtained by 3 daily subcu- 
taneous injections of 0.2 mg each. Blocking 
of this inhibition was demonstrated with 3 
daily doses of 5 mg each of PGA given sub- 
cutaneously one hour prior to the injection of 
the anti-metabolite. 

With a closely related antagonist, 4-amino- 
PG.^, the prevention by PGA of toxicity, 
of inhibition of estrogen induced growth of 

II Hertz, E., and Tullner, tV, tV., £ii<iocritioloff!/, 
mo. 44, 278. 

I- Franklin, A. L., Stokstad, B. L. E., and 
.Tukes, T. H., Pboc. Soc. E.xr. Biol, and Med., 
lf)48, 67, 398. 

IK Philips, F. S., and Thiersch, J. B., J. Fharm. 
(iiid Exp. Tlicrap., 1949, S)o, 303. 


uterus or oviduct,” and of the inhibitory 
effect against mouse leukemia- and solid 
tumors^ has been observed. 

It has been shown above that prevention of 
the to.vic effects of these 2 analogs of PG.-t 
may be obtained within narrow ranges at the 
minimum toxic dose by high dosage of PG;\. 
Since the dose of 4-amino-N’®-methyl-PG.\ 
used in these experiments was just below the 
toxic dose, it was to be expected that an effect 
obtained at this level might be counteracted 
by PG.A,. The ratio of PG.‘\ to anti-metabo- 
lite necessary' to prev'ent this anti-leukemic ef- 
fect was approximately similar to that re- 
quired in other studies.’®-” The ability of 
PG.A. and PTG.4. to prevent the anti-leukemic 
effects of this anti-metabolite would seem to 
lend support to the theory that the chemo- 
therapeutic effect of this derivative is due to 
its action as a metabolic antagonist of rG.-\. 

Suiiniiary. The effect of 4-amino-N’'’- 
methyl-pteroy'lglutamic acid in prolonging the 
sun,'ival time of mice with transplanted leu- 
kemia .•\k 4 can be blocked almost completely 
by prior administration of 10 to 20 times ns 
much pteroylglutamic acid and, to a lesser 
degree, by 17 to 125 times as much pteroyltri- 
glutamic acid. 

Bcccivcd .Tune 28, 1949. P.P.B.B.lf., 1949, 71. 


17256. Effect of Aluminum Hydroxide Gel and Calcium Lactate on Serum 
Bicarbonate.* 


Henry L. Barnett, Helen McNamara, Warren Tepper, Bernard Shumas, 

AND Helen Siracusa. 

From The Xew Tori- Sospilal and Ihe Department of Pediatrics, Cornell Vnn-er.vtl!/ .Mrrhrnl 

CoUepe, Xcw Tori: City. 


The observations herein reported indicate 
that subjects with reduced kidney function 
respond to the oral administration of suitable 
amounts of calcium lactate and aluminum 
hydroxide gel with a marked and sustained 

‘ This investigation was supported in part br 
research grants from the Division of Eesearcii 
Grants and Fellowships of the National Institutes 
of Health. LL S. Public Health Service, and from 
the New York Heart Association, Inc. 


elevation of serum bicarbonate. This re- 
sponse occurred both in very young infants 
with phvsiologicalJy immature kidneys’ and 
in older infants and children with kidney dis- 
ease. No such increase in serum bicarbonate 
accompanied the administration of compara- 
ble amounts of the two agents to older infants 
and children with normal kidney function. 

D-. Hare, K., II.. and 

Hare. K., J- Clin. Jnvest., 194S, 27. (191. 
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The quantities of calcium lactate and alum- 
inum hydroxide gel given and the magnitude 
and rate of change in serum bicarbonate are 
shown in Table I. 

Given separately, neither agent produced 
an increase in serum bicarbonate in subjects 
with either normal or reduced kidney function. 
Failure of aluminum hydroxide gel to raise 
serum bicarbonate in subjects with normal 
kidney function is in accord with earlier re- 
ports." Its effect in subjects w’ith reduced 
kidney function is less well established. Free- 
man and Freeman^ gave this drug to children 
with chronic nephritis but did not report de- 
tailed data on serum bicarbonate. They did 
mention relief from acidosis a few days after 
adding aluminum hydroxide gel to the low 
phosphorus diet of a 10 year old boy wdth 
chronic renal insufficienc 3 C'‘ From our find- 
ings, correction of renal acidosis with alumin- 
um hydroxide gel alone would not be e.xpected. 
The apparent discrepancy may, perhaps, be 
explained by differences in phosphorus intake 
since our subjects received milk, and there- 
fore relatively large amounts of phosphorus. 

The mechanisms underlying the difference 
in response of serum bicarbonate in subjects 
with reduced and normal kidney function to 
calcium lactate and aluminum hydroxide gel 
are not \-et e.xplained. Detailed balance 
studies are now in progress in an attempt to 

C Kirsner, J. B., Am. J. Vigcst. Dis., 1041, S, 
100 . 

3 Freeman, S.. and Freeman, W. M. C., Am. J. 
Vis. Chik}.. 1041. Cl, 981. 

■I Freeman, S., and Freeman, W. M, C., Quort. 
ViiU. Xfirthxccstcrn U. Med. School, 1943-45, 
17-in, 275. 


define these mechanisms. 

The observed increase in serum bicarbonate 
in subjects with reduced kidney function fol- 
lowing oral calcium lactate and aluminum 
hydroxide gel is of interest in several re- 
spects. It is known that aluminum hydroxide 
gel alone lowers serum phosphate and raises 
serum calcium in patients with dironic renal 
acidosis.^ Our results indicate that calcium 
lactate given with the aluminum hydroxide 
gel may correct the acidosis. The possible ap- 
plication of the combined use of the two drags 
in the treatment of tetany of the newborn is 
under investigation. Finally, the fact that 
elevation of serum bicarbonate occurred in 
verj' young infants suggests that the ability 
of the immature kidney of young infants to 
excrete excess base may be less well developed 
than its abilit}’' to conserve base.’’ Observa- 
tions are planned to study this function in 
young infants directly. 

Coiichisioiis. The combined oral adminis- 
tration of calcium lactate and aluminum hy- 
droxide gel produced a marked and sustained 
elevation of serum bicarbonate in x’oung in- 
fants with physiologically low kidney function 
and in older subjects with impaired function. 
This effect did not occur in subjects with 
normal kidney function. Given separately, 
neither drug produced an increase in serum 
bicarbonate in subjects with normal or re- 
duced kidney’ function. 

Wo are indebted to Flora Ilurwitz, R.N., for 
nursing and technical assistance. 

~5 GordonT^lTlI.. McNamara, 11., and Benjamin, 
H. B., Fediatric.i. 1948, 2. 291. 

Keceived .Tune 17, 1949. P.S.E.B.M., 1949, <1. 
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Herbert Chasis, William Goldring, and David S. Baldwin.* 

From the Department of ZIedicinc, Xew Tori: University College of Medicine, and Third fXetv 
TorJ: Ujtivcrsiti/) JJcflical Divisiojir Sdlcvitc ffospital. 


Remissions have been obsen^ed to occur 
spontaneously in patients with chronic diffuse 
glomerulonephritis in the nephrotic phase. 
Blumberg and Cassady^ and Janeway- have 
reported that patients with diffuse glomeru- 
lonephritis after accidental or induced 
measles show transient reduction in protein 
excretion and significant diuresis, confirming 
the generally accepted opinion that remissions 
in this disease may be occasioned b}' intercur- 
rent infection. Since the febrile phase of in- 
fection may be accompanied by profound dis- 
turbance in renal hemodynamics^'"* it seemed 
possible that both decrease in proteinuria and 
diuresis might be directly attributable to al- 
teration in renal hemodynamics. 

On the other hand, Becker’ has shown that 
administration of prevents the develop- 
ment of the Schwartzman phenomenon in 

* Assistant in Medicine and Fellow in Physiol- 
ogy. Aided in part by grants from the Common- 
wealth Fund and the New York Heart Association. 

1 Blumberg, E. W., and Cassady, H. A., Am. J. 
Dis. Child., 1947, 73, 151. 

2 Janeway, C. A., Moll, G. H., -Armstrong, S. H., 
Jr., Wallace, W. M., Hallman, N., and Barness, 
L. A., Tr. A. Am. Physicians, 1948, Cl, 108. 

3 Chasis, H., Banges, H. A., Goldring, W., and 
Smith, H. W., J. Clin. Invest., 1938, 17, 683. 

^ Bradley, S. E., Cliasis, H., Goldring, W., and 
Smith, H. W., J. Clin. Invest., 1943, 34, 749. 

3 Becker, E. M., Pp.oc. Soc. Exr. Biol. -\xd 
Mzn.. 1948, CO, 247. 

t Since our investigations were initiated, Jane- 
way cl nl.a have reported that experimental nephri- 
tis produced in rabbits by the administration of 
bovine gamma globulin can be prevented by HNo 
and Dammin and Bukantz" have shown that HNo 
inhibits antibody production, Arthus reaction, and 
vascular lesions in rabbits produced by horse 
serum antigen. 

BJaneway, C. A., Schwab, L., Moll, F. C., Hall, 
T., and Hawn, C. V., personal communication. 

7 Dammin, G. J., and Bukantz, S. C., J.A.M.A., 
1949, 139, 358. 


rabbits. f Since there is reason to believe 
that diffuse glomerulonephritis may be the re- 
sult of immunological alteration in renal tis- 
sue, it seemed conceivable that a common fac- 
tor might be operative in infection and fol- 
lowing the administration of these agents. In 
this view it was conceivable that reactive fac- 
tors might be present in the plasma of pa- 
tients with acute infections which would pro- 
duce remission of the nephrotic syndrome. 

To test these possibilities, we have ex- 
plored the effects of 1) pyrogenic reaction, 2) 
infusion of plasma from patients acutely ill 
with pneumococcal and hemolytic streptococ- 
cal infections, and 3) one of the nitrogen mus- 
tards, methyl bis (B-chloroethyl) amine hy- 
drochloride (HNa), on protein excretion, di- 
uresis, and rate of glomerular filtration in pa- 
tients with diffuse glomerulonephritis. 

Methods. Observations were made on daily 
weight, 24 hour urinarj' volume and urinary 
protein excretion, rate of glomerular filtration 
(Cin) as measured by the inulin clearance, 
and renal plasma flow (Cp.\h) as measured by 
the p-aminohippurate clearance in 4 patients 
with chronic diffuse glomerulonephritis in the 
nephrotic phase. 

Urinary protein was determined by the 
micro-Kjeldahl and biuret methods® and in- 
ulin and p-aminohippurate by methods pre- 
viously described.® 

Results. The pynrogenic reaction was in- 
duced in one patient with marked renal func- 
tional impairment on 2 occasions with intra- 
venously administered typhoid vaccine. On 
both occasions there was marked decrease in 
proteinuria, accompanied in the one instance 
in which it was measured by decreased filtra- 

s Hiller, A., Greif, B. L., and Beckman, W. AV., 
J. Biol. Chem., 1948, 170, 1421. 

9 Goldring, W., and Chasis, H., Hypertension 
and Hypertensive Disease, Commonwealth Fund, 
New York, 1944. 
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Fio. 1. 

Effect of iiyrofreiiic reaction on proteinuria and rate of plonierular filtration. 


tion rate. No diuresis occurred (Fig. 1). It 
is our tentative opinion that the decrease in 
proteinuria was related to the renal hemo- 
dj'namic alteration as manifested in part by 
decrease in filtration rate. 

Two patients were given 1975 and 1280 cc 
of plasma intravenously respectively from pa- 
tients with hemolytic streptococcal and pneu- 
mococcal infections in amounts of 125 to 500 
cc at intervals in one patient over a period of 
one month and in the other over a period of 
4 months. In neither patient was there a 
decrease in proteinuria or diuresis. 

HNo was administered intravenously to 3 
patients in 2 doses of 0.2 mg per kilo on suc- 
cessive days. In all 3 proteinuria decreased. 
In patient B.D. whose control Cix and Cr.Mi 
were 13.9 cc and 66.3 cc per minute respec- 
tively, daily excretion of protein during a 
control period of 2S dat'S ranged from 21.4 


to 14.5 g, averaging 17.0 g. Protein e.xcretion 
decreased to 2.3 and 10.6 g in the 24 to 48 
and the 48 to 72 hour periods following 
the administration of HNs. after whicli it 
returned to the pretreatment level. Diuresis 
did not occur. In patient L. G. whose con- 
trol Cl^.• and CpAtt were 10.9 and 236 cc per 
minute, the daity e.xcretion of protein dur- 
ing a control period of 113 days ranged from 
9.1 to 4.2 g, averaging 7.0 g. Following ad- 
ministration of HN:; proteinuria decreased to 
4.0 g per day, the decrease being first observed 
during the first 24 hours of HN^ administra- 
tion, and persisting for 4 days. Diuresis did 
not occur. 

Patient J.H., whose control Cis- and Ct>An 
were 116 and S39 cc per minute, was given 
HK-j on 2 separate occasions. .As shown 
in Fig. 2, in each instance there occur- 
red diuresis and marked decrease in protein- 
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Fig. 2. 

Effect of nitrogen mustard on proteinuria and rate of glomerular filtration. 


uria, accompanied by an increased filtration 
rate. The diuresis was associated with disap- 
pearance of edema. 

Summary. Administration of plasma from 
patients acutely ill with pneumococcal and 
streptococcal infections failed to decrease pro- 
teinuria or induce diuresis in 2 patients with 
chronic diffuse glomerulonephritis. 

Induction of the pyrogenic reaction was 
accompanied by decrease in proteinuria on 2 
occasions in one patient. We are inclined to 
attribute this result to the concomitant de- 
crease in the rate of glomerular filtration. 

Therapeutic doses of HNe reduced pro- 
teinuria but diuresis failed to occur in 2 pa- 
tients with advanced chronic diffuse glomeru- 
lonephritis with marked renal functional im- 
pairment. However, in one patient with mini- 
mal renal functional impairment, administra- 


tion of HN... was followed on 2 separate oc- 
casions by diuresis, marked reduction in pro- 
teinuria and concomitant increase in filtration 
rate, a combination of effects consistent with a 
return of glomerular function towards normal.* 

Our observations indicate that reversal of 
renal manifestations of human glomerulo- 
nephritis can be induced by HNj. 

This study is being extended to include pa- 
tients in earlier phases of glomerulonephritis. 

4 It is of interest in this connection that in clogs 
the filtration rate may he substantially increased 
40 to 72 hours after intravenous administration of 
IIN^.io 

ni Houck, C. H., Crawford, B., Bannon, J. H., 
and Smith, H. W., J. Plinrm. and Exp. Thcrap., 
1947, 90, 277. 

Received June 2S, 1949. P.S.E.B.M., 1949, 71. 
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tion rate. No diuresis occurred (Fig. 1). It 
is our tentative opinion that the decrease in 
proteinuria was related to the renal hemo- 
d 3 ^namic alteration as manifested in part by 
decrease in filtration rate. 

Two patients were given 1975 and 1280 cc 
of plasma intravenously respectively from pa- 
tients with hemolytic streptococcal and pneu- 
mococcal infections in amounts of 125 to 500 
cc at intervals in one patient over a period of 
one month and in the other over a period of 
4 months. In neither patient was there a 
decrease in proteinuria or diuresis. 

HN 2 was administered intravenoush' to 3 
patients in 2 doses of 0.2 mg per kilo on suc- 
cessive days. In all 3 proteinuria decreased. 
In patient B.D. whose control Cix and Cp.Mt 
were 13.9 cc and 66.3 cc per minute respec- 
tively. daih' excretion of protein during a 
control period of 28 days ranged from 21.4 


to 14.5 g, averaging 17.0 g. Protein excretion 
decreased to 2.3 and 10.6 g in the 24 to 48 
and the 48 to 72 hour periods following 
the administration of HN;., after whicli it 
returned to the pretreatment level. Diuresis 
did not occur. In patient L. G. whose con- 
trol Cix and Cp.iii were 10.9 and 236 cc per 
minute, the daily excretion of protein dur- 
ing a control period of 113 day.s ranged from 
9.1 to 4.2 g, averaging 7.0 g. Following ad- 
ministration of HN-.. proteinuria decreased lo 
4.0 g per day, the decrease being first obscrverl 
during the first 24 hours of HX- administra- 
tion, and persisting for 4 days. Diuresis did 
not occur. 

Patient J.H., whose control C,s and Ci-mi 
were 116 and S39 cc per minute, w.is given 
HN- on 2 separate occiisions. .As shown 
in Fig. 2, in each instance there occur- 
red diurc.sis and marked decrease in protein- 
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Pig. 2. 

Effect of iiitragou musturd on proteinuria and rate of glomerular filtration. 


iiria, accompanied by an increased filtration 
rate. The diuresis was associated with disap- 
pearance of edema. 

Summary. Administration of plasma from 
patients acutely ill ndth pneumococcal and 
streptococcal infections failed to decrease pro- 
teinuria or induce diuresis in 2 patients with 
chronic diffuse glomerulonephritis. 

Induction of the pyrogenic reaction was 
accompanied by decrease in proteinuria on 2 
occasions in one patient. We are inclined to 
attribute this result to the concomitant de- 
crease in the rate of glomerular filtration. 

Therapeutic doses of reduced pro- 

teinuria but diuresis failed to occur in 2 pa- 
tients with advanced chronic diffuse glomeru- 
lonephritis with marked renal functional im- 
pairment. However, in one patient with mini- 
mal renal functional impairment, administra- 


tion of HX 2 was followed on 2 separate oc- 
casions by diuresis, marked reduction in pro- 
teinuria and concomitant increase in filtration 
rate, a combination of effects consistent with a 
return of glomerular function towards normal.* 

Our observations indicate that reversal of 
renal manifestations of human glomerulo- 
nephritis can be induced by HN 2 . 

This study is being extended to include pa- 
tients in earlier phases of glomerulonephritis. 

f It is of interest in this connection tli.nt in dogs 
the filtmtiou rate ni.-iy be substantially increased 
40 to 72 hours after intravenous administration of 

HNg.lo 

w Konck, C. E., Crawford, B., Bannon, J. H., 
.and Smith, H. TV., J. Pharm. and Exp. TUcrap,, 
1947, OQ, 277. 

Received June 2S, 1949. P..S.E.B3r7 1949, ^ 
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17258. Occurrence of a Transient Leucocytosis During the Jarisch-Herx- 
heimer Reaction.* 


Fletcher McDowell. (Introduced by Bruce Webster.) 

From the Department of Medicine, Neio Yorh Bospital, and Corncil Univcrsitp Medical College. 


There is no agreement in the medical litera- 
ture on the characteristic blood picture in un- 
treated early syphilis. Willcox^ in a study 
of 405 patients with early syphilis found an 
average total white blood count of 8,950 mth 
a normal differential. Previous to this report, 
findings of ieucocytosis- lymphocytosis,® 
monocytosis,^ and eosinophilia® fill the litera- 
ture on this subject. 

No report exists, as far as can be deter- 
mined, concerning the changes in the periph- 
eral blood picture during a Jarisch-Herx- 
heimer reaction. Sheldon and Heyman®-" 
have reported the occurrence of an acute poly- 
morphonuclear leucocyte infiltration around 
early syphilitic lesions during a Jarisch-Herx- 
heimer reaction, but they make no mention 
of the peripheral blood picture. 

Material. Seventeen patients ■with early 
syphilis were used in this study. Of these 3 
were seronegative primary, 6 were seroposi- 
tive primary, and 8 were secondary. Four 
patients were female and 13 were male. 

Method. After a diagnosis of syphilis was 
made and the pre-treatment white blood 
counts, differentials, and base line tempera- 
tures were completed, the patients were given 
a 300,000 unit dose of aqueous penicillin-G 
intramuscularly. They were then followed at 

‘Aided by a grant from the Syphilis Study 
Section, N.ational Institute of Healtli, Betliesda, 
Maryland. 

iWillcox, B. E., J. Fnynl Army Med. Corps, 
1923, 40, 48. 

2 Whitby and Britton, Disorders of the Blood, 
Blakiston and Co., Philadelphia, 1942, p. 457. 

sWintrobe, Clinical Hematolog}-, Lea and Fe- 
biger, Philadelphia, 1942, p. 123. 

4 Downey, Handbook of Hematology, Paul 
Hoeber, New York, 193S, p. 670. 

r. Sp.anglcr, R. H., J. Lab. and Clin. Med., 1935, 
20, 733. 

e Sheldon and Heyman, Eecent Advances in the 
Study of Venereal Diseases, 19iS, p. 129. 

7 Sheldon, W. H., per.«on.a! communication. 


2 hourly intervals with total white blood 
counts, differentials and rectal temperatures. 
A total of 8 patients were followed with dif- 
ferential counts throughout the entire course 
of the reaction. All white counts were done 
fay one observer, and 200 cells were counted 
in each differential. Periods of observation 
continued until the temperature returned to 
the pre-treatment level. The periods of ob- 
servation varied from 10 to 16 hours in dura- 
tion. j\t the end of the period of observation 
treatment was continued until a total of 2.4 
million units of penicil)in-G had been given 
over an 8-day period. 

Results. Of the 17 patients, 15 had definite 
febrile Jarisch-Her.xheimer reactions (defined 
here as in temperature to 37.S'C or above, oc- 
curring within 10 hours after the start of 
treatment and returning to normal within 16 
to 18 hours). The distribution of the temper- 
ature elevations was as follows: 


Tempernture height 
37.S-3S 

38 -39 

39 -40 

40 -41 


No. of patients, 
3 
3 
S 
1 


All temperatures were rectal and 37.S''C 
was taken as normal temperature. 

In 10 of the IS patients there was a definite 
leucocytosis occurring at the height or just be- 
fore the height of the reaction, as judged fay 
the temperature peak. The leucocytosis here 
is measured by the percentage change in total 
leucocyte count, from the base line count. No 
change of less than 40% in total count was 
considered significant. The average percen- 
tage change in the ten cases considered was 
89%. The lowest change was 50% and the 
highest I15%- f” the remaining 5 cases 
havin" Jarisch-Herxheimer reactions, a Icuco- 
evtosk was noted but the percentage change 
was not above 40%. The variations in counts 
that occurred in these 5 patients are as fol- 
lows; 15%, 20%, 34%, 15%, and 34%. The 
duration of the leucocytosis was transient, the 
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iVbc. - 
Fig. 1. 


average duration being 4.4 hours. The long- 
est period of duration -was 8 hours, the short- 
est -was 2 hours. 

Fig. 1 indicates the Utic of response seen 
during the Jarisch-Herxheimer reaction. 

Complete differential counts were done on 
8 of the 15 patients every 2 hours during the 
Jarisch-Herxheimer reaction. The changes ob- 
serx'ed here were an increase in neutrophils 
with a hunphopenia. The average percentage 
increase in polymorphonuclear cells was 
43.4% with a maximum change of 87% and 
a minimum change of 23%. The average per- 
centage drop in lymphocytes was 55% with a 
maximum drop of 77% and a minimum drop 
of 39%. The maximum drop in lymphocjdes 
occurred in the cases with the maximum in- 
crease in pohnnorphonuclear cells, and the 
mim’mum drop in Ij-mphocytes occurred in 
the cases ndth the minimum increase in poly- 
morphonuclear cells. 

Dhatsshn. The occurrence of the leuco- 
cytosis was at first felt to be caused bj' the 
fever associated with the Jarisch-Herxheimer 
reaction and not related to the mechanism of 
the reaction. The pattern of leucocyte re- 


sponse found in induced fever was found to 
be quite different:®-® the rise in leucocjtes in 
induced fever usually occurred after the height 
of the fever and the leucocytosis continued 
for several hours after a return to normal 
temperature. In this study the leucocytosis 
usually occurred 2 to 4 hours before the 
temperature spike and returned to the base 
line count at the same time or just before the 
temperature. It therefore appeared that the 
mechanism causing the leucocytosis was the 
same mechanism as that causing the Jarisch- 
Herxheimer reaction. The obscuritj' of the 
mechanism involved in the production of the 
Jarisch-Herxheimer reaction prevents any con- 
clusions as to the causative factors. However, 
it is interesting to note that with the leuco- 
cytosis there is a neutrophilia which corres- 
ponds in time with the acute polymorphonu- 
clear infiltration around syphilitic lesions as 
described by Sheldon and Heyman.®-” 

Sinnmary. 1. In 10 of 15 patients having 
febrile Jarisch-Herxheimer reactions there was 
a definite leucocytosis occurring before or at 
the same time as the temperature spike. Some 
degree of leucocytosis occurred in the other 
5 cases but was not considered significant. 

2. The average percentage increase in leu- 
cocytes was 89%. 

3. .As shomi by differential counts the in- 
crease in cells was predominantly’ in the poly’- 
morphonuclear series. 

4. There was also a lymphopenia with an 
average percentage drop in total lymphocyte 
counts of 55%, 

5. The causative factor in the leucocytosis 
and the causative factor of the Jarisch-Herx- 
heimer reaction are felt to be the same. 

SBierman, W., and Fishberg, E. H., J. Am. 
Med. Assn., 1934, 103. 13.14. 

SBierman, W., Am. J. Med, Sci., 1334. 187, 545, 

Ecceived .Tunc 2S, 1349, P.S.E.E.M., 1949, 71, 
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17258. Occurrence of a Transient Leucocytosis During the Jarisch-Herx- 
heimer Reaction.* 


Fletcher McDowell. (Introduced by Bruce Webster.) 

From the Department of Megieine, New Yorh Eospitat, and Cornell VnivcrsiUj Medical College. 


There is no agreement in the medical litera- 
ture on the characteristic blood picture in un- 
treated early syphilis. Willcox^ in a study 
of 405 patients with earlj' syphilis found an 
average total white blood count of 8,950 with 
a normal differential. Prerious to this report, 
findings of leucocytosis,- l3nnphocytosis,® 
monocytosis,^ and eosinophilia'^ fill the litera- 
ture on this subject. 

No report exists, as far as can be deter- 
mined, concerning the changes in the periph- 
eral blood picture during a Jarisch-Herx- 
heimer reaction. Sheldon and He3TOan*'‘ 
have reported the occurrence of an acute poly- 
morphonuclear leucocjde infiltration around 
early S3'philitic lesions during a Jarisch-Her.x- 
heimer reaction, but they make no mention 
of the peripheral blood picture. 

Material. Seventeen patients ndth early 
syphilis were used in this study. Of these 3 
w'ere seronegative primary, 6 were seroposi- 
tive primary, and 8 were secondary'. Four 
patients were female and 13 were male. 

Method. After a diagnosis of syphilis w^as 
made and the pre-treatment white blood 
counts, differentials, and base line tempera- 
tures were completed, the patients were given 
a 300,000 unit dose of aqueous penicillin-G 
intramuscularly. They were then followed at 

* Aided by a grant from the Syphilis Stndy 
Section, Xatioual Institute of Ile.alth, Betliesda, 
Jlarj-land. 

iWillcox, E. E., J. Foijol Arm;/ Med. Corps, 
1923, 40, 4S. 

2 Whitby and Britton, Disorders of the Blood, 
Blakiston and Co., Pliiladclpliia, 1942, p. 457. 

sWintrobe, Clinic.al Hem.atology, Lea and Fe- 
biger, Pliiladelphia, 1942, p. 123. 

4 Downey, Handbook of Hematology, Paul 
Hoeber, Xew York, 193S, p. 675, 

0 Spangler, E. H., J. Cal), and Clin. Med., 193o, 
20, 733. 

0 Sheldon and Hcyman, Eccent Advances in the 
Study of Venereal Diseases, 194S, p. 129. 

~ Sheldon, W. H., personal communication. 


2 hourly intervals with total white blood 
counts, differentials and rectal temperatures. 
A total of 8 patients were followed with dif- 
ferential counts throughout the entire course 
of the reaction. All white counts were done 
by one observer, and 200 cells were counted 
in each differential. Periods of observation 
continued until the temperature returned to 
the pre-treatment level. The periods of ob- 
serv'ation varied from 10 to 16 hours in dura- 
tion. .‘\t the end of the period of observation 
treatment was continued until a total of 2.4 
million units of penicillin-G had been given 
over an 8-da3' period. 

Results. Of the 17 patients, IS had definite 
febrile Jarisch-Herxheimer reactions (defined 
here as in temperature to 37.S°C or above, oc- 
curring within 10 hours after the start of 
treatment and returning to normal within 16 
to 18 hours). The distribution of the temper- 
ature elevations was as follows: 


Temperature height 
37.S-3S 
.38 -39 

39 -40 

40 -41 


Xo. of patients. 
3 
3 
S 
1 


All temperatures were rectal and 37.5°C 
was taken as normal temperature. 

In 10 of the 15 patients there was a definite 
leucocv'tosis occurring at the height or just be- 
fore the height of the reaction, as judged by 
the temperature peak. The leucocytosis here 
is measured by the percentage change in total 
leucocyte count, from the base line count. No 
change of less than 40% in total count was 
considered significant. The average percen- 
tage change in the ten cases considered tvas 
89'%. The lowest change was 50% and the 
highest 113%. In the remaining 5 cases 
liavin" Jarisch-Herxheimer reactions, a leuco- 
evtosis was noted but the percentage change 
was not above 40%. The variations in counts 
that occurred in these 5 patients are as fol- 
lows; 15%, 20%, 34%, 15%, and 34%. The 
duration of the leucocv'tosis was tran.sient, the 
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Hrs. 

Temo.- - - 

Htc'. 

rjG. 1. 

average duration being 4.4 hours. The long- 
est period of duration ivas 8 hours, the short- 
est was 2 hours. 

Fig. 1 indicates the tipe of response seen 
during the Jarisch-Herxheimer reaction. 

Complete differential counts were done on 
8 of the 15 patients everj- 2 hours during the 
Jarisch-Herxheimer reaction. The changes ob- 
sen'ed here were an increase in neutrophils 
with a hunphopenia. The average percentage 
increase in poh-morphonuclear cells was 
43.4% with a maximum change of 87% and 
a minimum change of 23%. The average per- 
centage drop in hunphocytes was 55% with a 
maximum drop of 77% and a minimum drop 
of 39%. The maximum drop in Ijinphocytes 
occurred in the cases with the maximum in- 
crease in poljTnorphonuclear cells, and the 
minimum drop in IjTnphocj'tes occurred in 
the cases with the minimum increase in poly- 
morphonuclear cells. 

Discussion. The occurrence of the leuco- 
cytosis was at first felt to be caused by the 
fever associated with the Jarisch-Herxheimer 
reaction and not related to the mechanism of 
the reaction. The pattern of leucocyte re- 


sponse found in induced fever was found to 
be quite different:®’® the rise in leucocrtes in 
induced fever usually occurred after the hdght 
of the fever and the leucocytosis continued 
for several hours after a return to normal 
temperature. In this study the leucocxTosis 
usually occurred 2 to 4 hours before the 
temperature spike and returned to the base 
line count at the same time or just before the 
temperature. It therefore appeared that the 
mechanism causing the leucocydosis was the 
same mechanism as that causing the Jarisch- 
Herxheimer reaction. The obscuritt* of the 
mechanism involved in the production of the 
Jarisch-Her.xheimer reaction prevents am- con- 
clusions as to the causative factors. However, 
it is interesting to note that with the leuco- 
cytosis there is a neutrophilia which corres- 
ponds in time with the acute pohnnorphonu- 
clear infiltration around sj^ihilitic lesions as 
described by Sheldon and Heraan.®'" 

Summary. 1. In 10 of 15 patients ha\dng 
febrile Jarisch-Herxheimer reactions there was 
a definite leucocytosis occurring before or at 
the same time as the temperature spike. Some 
degree of leucocvtosis occurred in the other 
5 cases but was not considered significant. 

2. The average percentage increase in leu- 
cocj-tes was 89%. 

3. .\s shown by differential counts the in- 
crease in cells was predominanth' in the poh*- 
morphonuclear series. 

4. There was also a lymphopenia with an 
average percentage drop in total hmiphocyte 
counts of 55%. 

5. The causative factor in the leucocytosis 
and the causative factor of the Jarisch-Herx- 
heimer reaction are felt to be the same. 

SBicrm.in, W., niid Fishberg, E. H.. J. Am. 
Jtorf. 1934, 103, 1334. 

OBierm.m, W., Am. J. 3Ccd. Set.. 1934. 187, 545. 

Keceired June 2S, 1949. P.S.E,B.m7"i949, 71. 
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There is no agreement in the medical litera- 
ture on the characteristic blood picture in un- 
treated early syphilis. Willcox^ in a study 
of 405 patients with early syphilis found an 
average total white blood count of 8,950 with 
a normal differential. Previous to this report, 
findings of leucocytosis,- lymphocytosis,^ 
monocytosis,^ and eosinophilia® fill the litera- 
ture on this subject. 

No report exists, as far as can be deter- 
mined, concerning the changes in the periph- 
eral blood picture during a Jarisch-Herx- 
heimer reaction. Sheldon and Heyman®-" 
have reported the occurrence of an acute poly- 
morphonuclear leucocyte infiltration around 
early syphilitic lesions during a Jarisch-Herx- 
heimer reaction, but they make no mention 
of the peripheral blood picture. 

Material. Seventeen patients ndth early 
syphilis were used in this study. Of these 3 
were seronegative primary, 6 were seroposi- 
tive primary, and 8 were secondaiyc Four 
patients were female and 13 were male. 

Method. After a diagnosis of sj'philis was 
made and the pre-treatment white blood 
counts, differentials, and base line tempera- 
tures were completed, the patients were given 
a 300,000 unit dose of aqueous penicillin-G 
intramuscularly. They were then followed at 

* Aided by a grant from the Syphilis Study 
Section, National Institute of He.alth, Bethesda, 
Maryland. 

iWillcox, R. R., J. Foynl Army Med. Corps, 
1923, 40, 4S. 

2 Whitby and Britton, Disorders of the Blood, 
Blakiston and Co., Philadelphia, 1942, p. 457. 

SWintrobe, Clinical Hematology, Lea and Fe- 
biger, Philadelphia, 1942, p. 123. 

•1 Downey, Handbook of Hematology, Paul 
Hoeber, New Tork, 1938, p. C75. 

a Spangler, R. H., J. Lab. and Clin. Med., 1935, 
20, 733. 

0 .Sheldon and Herman, Recent Advances in the 
Study of Venereal Diseases, 1948, p. 129. 

7 Sheldon, W. H.. personal communication. 


2 hourly intervals m'th total white blood 
counts, differentials and rectal temperatures. 
A total of S patients were followed with dif- 
ferential counts throughout the entire course 
of the reaction. All white counts were done 
by one observer, and 200 cells were counted 
in each differential. Periods of observation 
continued until the temperature returned to 
the pre-treatment level. The periods of ob- 
servation varied from 10 to 16 hours in dura- 
tion. At the end of the period of observation 
treatment was continued until a total of 2.4 
million units of penicillin-G had been given 
over an S-daj' period. 

Results. Of the 17 patients, IS had definite 
febrile Jarisch-Herxheimer reactions (defined 
here as in temperature to 37.5°C or above, oc- 
curring within 10 hours after the start of 
treatment and returning to normal within 16 
to 18 hours). The distribution of the temper- 
ature elevations was as follows; 


Tempernturo height 
37.8-38 

38 -39 

39 -40 

40 -41 


No. of patients 
3 
3 
8 
1 


All temperatures were rectal and 37.5‘^C 
was taken as normal temperature. 

In 10 of the 15 patients there was a definite 
leucocytosis occurring at the height or Just be- 
fore the height of the reaction, as judged by 
the temperature peak. The leucocytosis here 
is measured by the percentage change in total 
leucocyte count, from the base line count. No 
change of less tlian 40% in total count was 
considered significant. The average percen- 
tage change in the ten cases considered was 
89%. The lowest change was 50% and the 
highest 113%. In the remaining 5 cases 
having Jarisch-Herxheimer reaction.^, a Icucrv- 
evtosS was noted but the percentage change 
was not above 40% . The variations in counts 
that occurred in these 5 paU'ents are as fob 
lows: 15%. 20%, 34%, 15%. and 34%. The 
duration of the leucocytosis was transient, the 
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TAB1,E 1. 


Devin.- ..s of S? 0 (liuiii niid Potassium Determiuations in ITrine and Plasma bv the Present Method of 
Flame Photometry from Sodium and Potassium Determinations by Chemical Methods. 




SoOlum 





Potassium 



t 

No. 

Flame 

jOiotomctTV, 

meti- 

Gravimetric 

determin., 

iiieq. 

Piffer- 

enco, 

ineq. 

Differ- 

ence, 

% 

No. 

Flame 

pbotometry, 

meq. 

Volumetric 

determin., 

meq. 

Piffor- 

once, 

ineq. 

Piffer- 

cnce, 

% 

1 

147.1 

143.9 

-h3.2 


1 

3.83 

3.74 

+0.09 

+2.4 

O 

144.9 

143.7 

+1.2 

+0.8 

o') 

3.40 

3.29 

+0.11 

+3.3 

3 

143.8 

144.7 

—0.9 

— O.C 

3 

4.30 

4.40 

—0.10 

—2.3 

4 

145.8 

143.7 

+2-1 

+ 1.0 

4 

4.76 

4.67 

+0.19 

+1.9 

5 

112.0 

lll.S 

+0.2 

+0.2 

o 

4.4S 

4.38 

+0.10 

+2.3 

0 

146.S 

144.8 

+2.0 

+1.4 

6 

4.70 

4.64 

+0.06 

+1.3 

7 

135.2 

137.8 

—2.6 

—1.9 

7 

4.46 

4.48 

—0.02 

—0.4 

8 

140.3 

143.3 

—2,8 

—2.0 

8 

4.42 

4.41 

+0,01 

+0.2 

9 

142.5 

140.0 

+2.,3 

+1.8 

9 

5.59 

0.61 

—0.02 

—0.4 

10 

133.7 

135.0 

—1.8 

—1.3 

10 

4.65 

4.82 

—0.17 

—3.0 

11 

138.8 

140.0 

—1.2 

—0.8 

11 

4.85 

4.73 

+0.12 

+2,5 

12 

135.0 

130.2 

—0.7 

—0.5 

12 

4.CS 

4.54 

+ 1.4 

+3.1 

13 

91.0 

88.7 

+2.3 

+2,0 




A VC error 

2.0% 

14 

92.3 

91.0 

+1.3 

+ 1.4 



Range 

—3.0 to +3.3% 

li) 

91.0 

90.7 

+ 0.3 

+0.3 





10 

180.S 

178.1 

+2.7 

•+1.5 






17 

180.0 

178.8 

+ 1.2 

+0.7 






18 

17G.0 

178.8 

—2.8 

—1.6 






19 

142.0 

143.1 

—1.1 

—0.8 






20 

144.0 

145.0 

—1.0 

—0.7 






21 

139.0 

138.3 

+0.7 










-A VC error 1.27o 








Baiige 

—2.0 to 

+2.67o 







electrostatic effects due to variations of charge 
on the chamber walls. 

The above conclusions were reached pri- 
marih> from visual observations of the atom- 
ization of certain solutions containing fluores- 
cein, under illumination with filtered ultra- 
violet light, under various standard laboratorj' 
conditions. For these reasons we decided to 
abandon the chamber and devise an atomizer 
which permitted the direct and immediate 
combustion of the atomized droplets. 

^lention must also be made of the rather 
well-known spectroscopic phenomena of mu- 
tual excitation. This is illustrated bj’’ the 
production of more luminous energy per meq. 
of potassium in the presence of a large excess 
of sodium than from potassium in pure solu- 
tion. This difficulty may be overcome bv 
using as standards solutions containing a 
ratio_ of interfering elements, which only ap- 
proximate that in the solution analyzed. For 


instance, in the case of Na and K, there is a 
wide plateau of mutual excitation from 18 
Na: IK to 56 Na; IK, wherein no increase of 
excitation occurs. A similar compensation 
is made for the less frequently observed 
phenomenon of quenching. 

We have found it unnecessary to use an in- 
ternal standard method with this atomizer- 
burner system. Direct experiment showed 
no interferences, such as reported by Barnes 
ct from the presence in the solutions of 
the common inorganic acids up to 2% con- 
centration, or of urea or sucrose up to at least 
4% concentration. 

Fig. 1 is a schematic illustration of the 
atomizer-burner system developed in order 
to achieve this result, and thus overcome the 
above mentioned difficulties. With this appa- 
ratus we hav'e been able to introduce a con- 
stant amount of the atomized solution per 
unit time into a flame of constant thermal out- 
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17259. A New Method of Flame Photometry.* 

Theodore E. WEtcHSELBAUM amd Philip L. Varney. 

From the Department of Surgery, and Department of Daetcriotogy and Immunology, Washing, 
ion University School of Medicine, St. Louis, Mo. 


An adequate review of the principles and 
background of flame photometry is given in 
the papers of Barnes et 

In order to accomplish accurate quantita- 
tive analysis by flame photometry, the ele- 
ment to be determined must be in solution 
in the form of a salt and this solution must 
in some manner be atomized into a flame of 
constant thermal output, so that a constant 
amount of the solution is introduced into this 
flame per unit time. 

All previous workers have utilized an 
atomizer-burner system which contained a 
chamber 'through which the atomized vapor 
of the solution passed before entering the ex- 
citing flame, and all commercial models of 
flame photometers which have been marketed 
in this country and abroad are based on this 
principle. 

After working with such a chamber atom- 
izer-burner system for many months, we 
found it impossible to obtain consistently re- 
producible and accurate quantitative results 
to within one per cent. ^Moreover, we could 
not consistently introduce a constant amount 
of solution into a flame per unit time. This 
was due mainly to the fact that when an 
aqueous solution is atomized and passed 
through a chamber, the size of the droplet 
particles which enter the exciting flame is not 
uniform. This factor is more or less uncon- 
trollable, because the particle size and the 
rate of change of size are dependent upon 
numerous and variable physical conditions, 
among which are: (a) temperature of the 
atomizer chamber; (b) viscosity of the solu- 
tion being atomized; (c) surface tension of 
the solution being atomized, and (d) certain 

* Thi.s work w.ns piirtially supported by a grant 
from the Commonwealth Fund of New York. 

1 Barnes, R. B., Bieliardson, D„ Berry, J. IV., 
and Hood, R. L., Indiisl. and Fng. Chem., Anal. 
Ed.. 1945, 17. GOo. 

e Berry. J. IV., niajipcll, T>. G., and Barnes, 

R. G., Jndust. and Eng. Chem., 1940, 18, IP. 



Fig. 1. 

Diagram of Atomir.er Burner t<ystem. 

This system uses a mi.yture of illuminating or 
propane gas and o.yygen for tlic thermal excitation 
of the atomired .solution.s. .Atomization is accom- 
plished by file use of oxygen under a constant 
pressure of 5 to " Ihs., wliii li enters the tube labeled 
oxvgen-inlet and escapes at the marrow space lielow 
the fluid pick-np tulie and the atomizer tip, pro- 
ducing a venturi effect, which accomplishes lioth 
the pick up and atomization of the fluid to be 
analyzed. The fluid pick-up tube is immersed in a 
small gia.'-'' beaker which contains the solution to 
bo analyzed. 

Approximately 0.7." ml of solution i.s atomized 
per minute, with a consumption of IJ cubic frs't 
of oxygen per hour at 7 Ihs. delivery firessure. To 
.all .solutions analyzed is added 0.04 d' STEROX 
SB (Monsanto Clieniic.al Company), .i non ionic 
welting agent, cation free, which nvercomes the 
capillarity effects of the fluid pick-up tuhe. 
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TABLE I. 

Effect of N aCN on Serum Alkaline Pliosplmtase ActivitT. 

Mols IvaCN added to substrate 

^ — ——— — , % initial 

0 0.001 0.005 0.01 0.05 actiyity 

(Alkaline pliospliatase, Bodanskr units/100 cc serum) remaining 


Xnrmal human sitijccis 

1. Ailxilt 

3.0 

2.1 

0.8 

O.o 

• 

1G.7 

e> >3 

2.7 

1.6 

0.6 

0.3 

0.4 

11.1 

3. ” 

2.1 

1.8 

0.8 

0,6 

0.5 

23.8 

4. ” 

2.0 

1.5 

0.5 

0.3 

0.4 

20.0 

5. Infants (pooled) 

7..9 

5.4 

1.1 

0.6 

0.7 

7.6 

G. ” ” 

6.0 

— 

1.0 

0.9 

1.0 

16.7 

Ohsiruclivc Jaundice 

7. Biliarv cirrhosis 

4G.7 

2S.8 

11.9 

3.2 

• 

G.9 

S. CliolcdoclioHtliiasis 

27.2 

— 

7.4 

2.0 

1.4 

5.1 

9. XJncl.assified 

22.5 

— 

4.7 

1.4 

1.3 

5.8 

10. ? Ca gall bladder 

17.3 

10.8 

3.9 

1.3 

— 

7.5 

11. Cbolangiolitic cirrhosis. 

1G.2 

— 

2.7 

1.2 

0.9 

5.6 

marked narenchymal damage 

12. Ca head of pancreas, cirrhosis 

13.2 

— 

3.8 

1.1 

1.0 

7.6 

Sl'ctetal disorders 

13, Paget’s disease 

75.9 

— 

11.3 

3.3 

2.4 

3.2 

14. Metastatic prostatic carcinoma 

3S.G 

24.6 

9.0 

2.0 

— 

5.2 

15. ” ” ” 

27.3 

18.8 

C,3 

1.7 

0.9 

3.3 

IG. ” ” >’ 

27.0 

17.2 

5.5 

1.5 

— 

0.0 

17. 

25.7 


0.7 

1.8 

0.9 

3.0 

IS. ” ” ” 

20.3 

— 

0.4 

1.9 

o.s 

3.9 

19. " ” " 

19.9 

— 

3.9 

l.S 

1.4 

7.0 

20. Paget’s disease 

9.1 

— 

2.4 

0.6 

0.6 

6.6 

21. Metastatic prostatic carcinoma 

7.2 

— 

2.1 

1.0 

1.1 

13.9 


different from that normally present. We have 
repeated and extended these studies to include 
the effects of sodium cyanide on increased 
alkaline phosphatase levels in diseases of 
bone. 

'Methods. Serum alkaline phosphatase was 
determined by the Bodansky method.'* A 
stock solution of O.lM NaCN in buffered 
^-glycerophosphate solution was prepared and 
the pH of this solution adjusted to 9.2. Ap- 
propriate amounts of this stock solution were 
added to )S-glycerophosphate substrate to 
make the desired cyanide concentration, the 
pH again checked, and the cyanide-substrate 
mLxture then added to the serum just prior 
to incubation. Preliminary tests indicated 
that these concentrations of cyanide had no 
significant effect on the development of color 
by the inorganic phosphate standard. 

Results. Four samples of normal adult 
human sera and 2 of pooled infants sera were 
e.xamined and in each instance marked in- 

•• Bodansky, A., J. Biot. Chem., 1533, 101, 93. 


hibition by cyanide was observed (Table I) 
The degree of inhibition increased with in- 
creasing concentrations of cyanide, at least 
up to 0.001, although there was always some 
residual enzyme activity at the end of 1 hour 
incubation, varying from 0.4- 1.0 Bodansky 
units % or 7.6-23.8% of the initial activity. 
The data indicate that most of the alkaline 
phosphatase present in normal human serum 
is inhibited by cyanide. These results are 
not in complete disagreement with those of 
Drill and Riggs® since examination of their 
data reveals inhibition greater than 50% in 
2 of their 6 normal sera, and in several nor- 
mal sera preincubation with XaC\' disclosed 
inhibition of the order we obtained. 

The data in 6 cases of obstructive jaundice 
with elevated serum alkaline phosphatse 
(Table I) confirm the previous finding® of 
marked inhibition by cyanide, to 5. 1-7.6% 
of the initial activity in our series. In most 
instances we found the residual enzyme activ- 
ity somewhat below the normal minimum of 
1.5 Bodansky units %; it was higher only in 
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put. Several different glass filter and inter- 
ference filter photometric devices have been 
successfully utilized with this burner-atomizer' 
S3'stem. These include a simple barrier layer 
photocell-suspension t}'pe galvanometer sys- 
tem, vacuum phototube-electronic voltmeter, 
and a direct current operated photomultiplier 
tube-suspension galvanometer s3'stem. 

Comparison of the results of sodium and 
potassium determinations in urine and plasma 
by standard chemical methods/’'* with the 
method of flame photometry described herein, 
are shown in Table I. . We do not believe that 
this comparison reflects the true accuracy of 

3 Butler, A. 31., and Tuthill, E., J. Biol. Cliem., 
1931, 93, 171. 

4 Polcli, J., and Lauren, 31., J. Biol. Chem., 
1947, 169, 539. 


this method of flame photometr3’, but repre- 
sents at the present time the onh^ acceptable 
means of evaluation. 

The reproducibility, duplicabilit3' and re- 
covery of added sodium and potassium to 
urine and plasma are of the order iO.Sfo. 
Further work is in progress for the determina- 
tion of calcium, magnesium and other cations. 
Further data, as well as information as to the 
commercial availability of this instrument, 
will be available in a forthcoming publication. 

Summary. A new type of atomizer-burner 
system is described for use in flame photom- 
etry which accomplishes consistently accu- 
rate quantitative chemical analysis of sodium, 
potassium, and other cations. 

Ecceived July 5, 1949. P.S.E.B.3I., 1949, 71. 


17260. Inhibition by Cyanide of Serum Alkaline Phosphatase in Normal 
Man, Obstructive Jaundice and Skeletal Disorders. 


Alexander B. Gutman and Barbara Jones. 

From the Department of Medicine, Cohtmiia University, and the First (Columliin) Bcsearcli 
Service, Goldwater Memorial Bospital, and the Presbyterian Dospital, Mew Torh City. 


It has been the general experience that 
marked increases in serum alkaline phos- 
phatase activity occur consistently in only 2 
disease categories in man; 1. in skeletal dis- 
orders associated with active, widespread pro- 
liferation of bone or cartilage, 2. in diseases 
of the liver or biliary tract with obstruction of 
the intra- or extrahepatic biliary channels.* 
There is general agreement that the high 
serum alkaline phosphatase levels observed in 
skeletal disorders are the result of augmented 
production of the enzyme by osteoblasts, 
which are known to be a prolific source. 
Opinion is divided as to the origin of the 
increased serum alkaline phosphatase in biliaiy 
tract obstruction. It would seem reasonable 
to suppose that since alkaline phosphatase is 
e.xcreted in the bile and (being a large pro- 
tein molecule) does not escape through intact 
glomeruli in man, retention of the enz3'me in 

iGutm.in, A. B.. Olson, K. B., Gutm.nn, E. B., 
nnd Flood, C. A., J. Clin. Invest., 1940, 19, 129. 


the plasma occurs when the e.\’cretor3’ biliar3' 
channels are obstructed. There is, however, 
the possibilit3" that the increased enz3'me ap- 
pearing in the plasma is of hepatic origin, and 
perhaps a different alkaline phosphatase from 
that responsible for most of the enz3’me ac- 
tivity ediibited by the plasma of normal sub- 
jects and of those with skeletal diseases. 

Drill and coworkers reported that sodium 
C3'anide in concentrations to O.IM onh^ slight- 
ly inhibited the serum alkaline phosphatase 
activity- of normal dogs and man whereas the 
elevated levels in hepatic damage were 
markedly- reduced, to approximately normal 
levels but not below. Their data were inter- 
preted as indicating that the alkaline pho.spha- 
tase appearing in the serum of flogs and man 
with hepatic damage is, for the most part, 

: Drill, V. A., Aunegers, .1. H.. .and Ivy, A. C., 

3 . Biol. Chem., 1944, l.-.S, 339. 

3 Drill, V. .V., .md Eigf:«, D, S.. .7. Bint , riiem., 
1940, 1«2, 21. 
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are maintained under these conditions and 
that the enzjTne hence cannot be of hepatic 
origin. 

Our data indicate that the increased serum 
alkaline phosphatase in obstructive jaundice, 
as in skeletal diseases, is phosphatase II 
(cyanide-sensitive) and therefore presumably 
not of hepatic cell origin. The results are 
compatible rvith the view that elevation of 
serum alkaline phosphatase in extra- or in- 
trahepatic biliary tract obstruction is due 
to retention of serum alkaline phosphatase, 
largely of osseous origin. There is a great 
deal of clinical eridence for this view which 
was summarized elsewhere.^ 

The marked difference in the effects of 
cyanide on serum alkaline phosphatase and on 
liver tissue alkaline phosphatase indicates 
definite differences between these enzxTues. 
However, the similarity between serum alka- 
line phosphatase and bone phosphatase with 
respect to cyanide does not prove their iden- 
tity; all that can be said is that in this and 
other respects no significant difference is ap- 
parent. .Absolute proof of identity of 2 
enzjTnes from different sources is not pos- 
sible at this time. 

It may seem surprising that with so many 
alkaline phosphatases present in so manj’’ 

e JIaddoc-k, S., Schmidt, G., and Thannhauser, 
S. J., Fed. Proc., 1942, 1, ISl. 


organs, the enzyme in the plasma should be 
so preponderantly of osseous origin. How- 
ever, not only is the number of osteoblasts in 
the body very large and their alkaline phos- 
phatase production great, but the secretion of 
the enzjTiie is extracellular for production of 
bone at the cell surface. In most cells, phos- 
phatases operate intracellularly, often ap- 
parently' within the confines of the nucleus 
to judge from histochemical evidence, and 
probably never reach the extracellular fluids. 

Summary. Cyanide markedly' inhibits the 
serum alkaline phosphatase of normal human 
subjects and the increased levels of patients 
with obstructive jaundice and skeletal dis- 
eases; no essenital differences were obsen'ed 
in these 3 categories. The evidence is con- 
sistent with the view that in all 3 categories 
the largest proportion of serum alkaline phos- 
phatase is of osseous origin since bone phos- 
phatase is inhibited by' cyanide (Cloetens’ 
phosphatase II) and liver phosphatases are, 
for the most part, cyanide-insensitive (Cloe- 
tens’ phosphatase I). The data indicate that 
the rise in serum alkaline phosphatase in ob- 
structive jaundice cannot be of hepatic origin 
but they are compatible with retention of 
serum alkaline phosphatase due to obstruc- 
tion of the excretory biliary' channels. 

iceci^ Jiily~i7l949! P..S.E.Bjir7^49, '<'1- 


17261. Intracellular Distribution of Vitamin Be in Rat and Mouse Livers 
and Induced Rat Liver Tumors.’’^ 


J. yi. Price,! E. C. Miller, and J. A. Miller. 

From the McArdle Memorml Lahoratory, Medical School, Vnirersity of TTiseonein, Madison. 


In siudies’^"' from this laboratory^ the intra- 
cellular distribution of riboflavin was de- 

* Tliis work was supported in part by grants 
from tlie National Cancer Institute, United States 
Pabiic Health Serriec, and the Jane Coffin Childs 
Memorial Fund for Medical Hese.ireJi. 

1 Prcdoctorate Research Fellow, National Can- 
cer Institute. 

I Price, J. M.. Miller, E. C., and Miller, J. A., 
J. Biol. Cl, cm., 194S, 17.% 345. 


termined in normal rat livers, in the livers of 
rats fed various aminoazo dyes, and in liver 
tumors induced by 4-dimeLhylaminoazoben- 
zene. Riboflavin is of particular interest since 

2 Price, J. M., Miller, E. C., Miller. J. .U, and 
lUeber, G. M., Cancer Research. 1949, O. in press. 

3 Price, J. M., MiUer, E. C., Miller, J, A., and 
IVeber. G. M., manuscript in preparation. 

< Price. J. M., Miller. E. C., Miller, J. A., and 
Weber, G. M., Cancer Research, 1949. 9, 9G. 
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1 serum with very marked initial ,activit}^■ 

• In 9 patients with elevated serum alkaline 
phosphatase due to increased bone formation 
(in which the excess enzyme appearing in the 
serum is doubtless of osseous origin) the in- 
hibitory effects of cyanide were indistinguish- 
able from those observed in obstructive jaun- 
dice (Table I). The residual activity, 0.6-2.4 
Bodansky units % was consistently less than 
the normal minimum except in the 2 cases 
with very high initial levels. The % activitj' 
persisting, 3.2-13.9% of the original values, 
was of the same order as observed in obstruc- 
tive jaundice. A somewhat higher percentage 
of the original activity, approximately that 
observed in normal sera after inhibition bj' 
cyanide, persisted when initial levels were 
only moderately elevated. 

Our data disclose no essential differences 
in the inhibiting effect of cyanide in ail 3 
categories; most of the serum alkaline phos- 
phatase activity present normally, in obstruc- 
tive jaundice and in skeletal disorders alike 
was inhibited by cyanide. Moreover, since 
100% inhibition of an enzyme is infrequently 
achieved, the residual enzyme activity, low 
as it was in most sera, probably represents 
maximal values for c\'anide-insensitive alka- 
line phosphatases present in serum. That we 
apparenth' did not obtain complete inhibition 
of cyanide-sensitive phosphatases is indicated 
by ^e persistence of greater residual activity 
in sera with higher initial levels. 

Discussion. The data obtained appear to 
throw light upon 2 obscure points, 1. the origin 
of the alkaline phosphatases in the plasma of 
normal human adults* 2. the origin and 
causal mechanism of the increased serum alka- 
line phosphatase in obstruction of the extra- 
or intrahepatic biliary tract. 

Cloetens'’ distinguished 2 classes of alka- 
line phosphatase: Phosphatase I, inactive in 
the absence of Mg++, markedly activated 
by appropriate concentrations of Mg++, not 
inhibited by cyanide when so activated; phos- 

gcneralh- .nercptod ihnX tlie iwrcasctl 
serum .nlkaline rlmsplmtasc of grorviuR children, 
tike that of r-aticiita 'rith hone or cartihiRC pro- 
liferation due to Skclenal disorders, is due to in- 
cro.a?cd osteohl.a.xtie activitv. 


phatase II, active without addition of Mgt-+ 
and only little affected by addition of Jfg-h-t- 
but markedh' inhibited b}- cyanide. Cloetens'' 
found that phosphatase II, cj^anide-sensitive, 
accounted for over 90% of the total alkaline 
phosphatase activity of bone (which we have 
confirmed in unpublished e.xperiments; see 
also 0. Bodanskj'"), 96-99% of that of the 
serum of 3 rachitic dogs, and 97% of that of 
the serum of 1 dog with liver disease. Liver 
tissue phosphatase, in contrast, was usually 
more than 60% phosphatase I, ej'anide-resis- 
tant.^1 In our e.xperiments,r inhibition by 
cyanide of 76.2-92.4% of the alkaline phos- 
phatase activity of normal human sera indi- 
cates that most of this activity is due to a 
phosphatase II, like bone phosphatase but 
unlike most liver phosphatases, Belfanti e/ 
a/.,' using oxalate inhibition as a criterion, 
also found that the alkaline phosphatase of 
normal serum resemkled bone phosphatase 
but differed from liver phosphatase. The 
largest proportion of the alkaline phosphatases 
present in normal human serum would there- 
fore appear from this chemical evidence to be 
indistinguishable by available methods from 
bone phosphatase; a small proportion, cya- 
nide-resistant. is probabl}’ not of osseous but 
of other (undetermined) origin. This inter- 
pretation is consistent with observations in 
hepatectomized and eviscerated dogs^-® indi- 
cating that serum alkaline phosphatase levels 

CIoftciKS, K,. 10.30, 0, 4t'i. 

e.Bott.msk.v, 0., .1. Ihot. Chrm.. 17f), S], 

f I’rcsunmt)ly, iimcU <if <!»' cyjiniiic- .-ensitive 
jiiiospliatasc II found in liver is scrum idmspli.-itji-o 
in the blood ,nnd I)ilc present in Jiver ti—lie preje 
jir.itinn.s. 

t Wo did not c.vaminc the effects of .idditioii of 
m.-igncsium ions (-see Hri!! and Itit'Cs:'.) 
tJic presence of nmfrnc.siiim in serum imiUcs intcr- 
prcttition ditiicuU. ifnreover. Cloetens unrked 
kirgelv •K’ith dial.v.scd tissue extracts ;iud the ilif- 
feretieos he noted iti the effects of tiddittoti of 
proh.'iiifv relleet iliffi-renei s in the ease with 
which Mp inn 's removed by di.ilysis from the 
v.nrious alkaline plmsph.atases of different orpnns. 
This factor docs not enter into our experinients. 

r Belfanti, Contardi. and Kreoli, .V., 

Binchetn. J., lOS.'i, lit), HUl. 

s Armstronp, A. K.. and litintinp, F. (1., Cnn. 

Jfr/t. xl.sxa. ■!.. li'a.l. ml, 21.1. 
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are maintained under these conditions and 
that the enzyme hence cannot be of hepatic 
origin. 

Our data indicate that the increased serum 
alkaline phosphatase in obstructive jaundice, 
as in skeletal diseases, is phosphatase II 
(cyanide-sensitive) and therefore presumably 
not of hepatic cell origin. The results are 
compatible with the view that elevation of 
serum alkaline phosphatase in extra- or in- 
trahepatic biliary tract obstruction is due 
to retention of serum alkaline phosphatase, 
largely of osseous origin. There is a great 
deal of clinical esddence for this view which 
was summarized elsewhere.^ 

The marked difference in the effects of 
cyanide on serum alkaline phosphatase and on 
liver tissue alkaline phosphatase indicates 
definite differences between these enzymes. 
Howev'er, the similarity between serum alka- 
line phosphatase and bone phosphatase with 
respect to cjanide does not prove their iden- 
tity; all that can be said is that in this and 
other respects no significant difference is ap- 
parent. Absolute proof of identity of 2 
enzymes from different sources is not pos- 
sible at this time. 

It may seem surprising that with so many 
alkaline phosphatases present in so many 

3 itaddoek, S., Schmidt, G., and Thannhauscr, 
S. J., Fed. Froc., 1942, 1, ISI. 


organs, the enzyme in the plasma should be 
so preponderantly of osseous origin. How- 
ever, not only is the number of osteoblasts in 
the body very large and their alkaline phos- 
phatase production great, but the secretion of 
the enzjTne is extracellular for production of 
bone at the cell surface. In most cells, phos- 
phatases operate intracellularly, often ap- 
parentl}' within the confines of the nucleus 
to judge from histochemical evidence, and 
probably never reach the extracellular fluids. 

S7immary. Cyanide markedly inhibits the 
serum alkaline phosphatase of normal human 
subjects and the increased levels of patients 
with obstructive jaundice and skeletal dis- 
eases; no essenital differences were observed 
in these 3 categories. The evidence is con- 
sistent with the view that in all 3 categories 
the largest proportion of serum alkaline phos- 
phatase is of osseous origin since bone phos- 
phatase is inhibited by cyanide (Cloetens' 
phosphatase II) and liver phosphatases are, 
for the most part, cyanide-insensitive (Cloe- 
tens’ phosphatase I). The data indicate that 
the rise in serum alkaline phosphatase in ob- 
structive jaundice cannot be of hepatic origin 
but they are compatible ndth retention of 
serum alkaline phosphatase due to obstruc- 
tion of the excretory biliary channels. 

Receivca July 5, 194^ 


17261. Intracellular Distribution of Vitamin Be in Rat and Mouse Livers 
and Induced Rat Liver Tumors.*" 


J. M, Price, t E. C. Miller, and J. A. Miller. 

From Vie McArdle Memorial Laioratory, Medical Sclwol, Uriii-crsity of Wisconsin, Madison. 


In studies*-* from this laboratory the intra- 
cellular distribution of riboflavin was de- 

* Tins work was supported in p.art by grants 
from tlic National Cancer Institute, United States 
Public IlealtU Service, and tlie .lane Coffin Childs 
Memorial Fund for Medical ReseuTcb. 

i Prcdoctoratc Research Fellow, National Can- 
cer Institute. 

* Price, ,r. M., Miller, E. C., and Miller, J. A., 
J. Fiol Chem., 194S, IT.R, Ziii. 


termined in normal rat livers, in the livers of 
rats fed various aminoazo dyes, and in liver 
tumors induced by 4-dimethylaminoazoben- 
zene. Riboflavin is of particular interest since 

2 Price, ,r. M., Miller, E. 0734111^07 .4., and 
Weber, G. M., Cancer FiCsenrt)i, 194D, 0, in press. 

3 Price, J. M., Miller, E. C., Miller, .T. A., and 
Weber. G. M., manuscript in preparation. 

■< Price, J. M., Miller, E. C., Jliller, J. A., and 
Weber, G, M., Cancer Fescarch, 1949, 0, 96. 
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high dietary levels of this vitamin delay the 
induction of neoplasms by certain of the amin- 
oazo dyes? Furthermore, ingestion of any 
one of the various dyes lowers the level of 
riboflavin in the liver to a degree that is 
roughly' proportional to its carcinogenic ac- 
tivity?’" While the ingestion of 4-dimethyl- 
aminoazobenzene also decreases the level of 
vitamin Bo in the liver this vitamin differs 
from riboflavin in that the various dietary 
changes which enhance or lower the carcino- 
genic activity of this dye do not alter the 
level of hepatic vitamin Be in a significant 
fashion." Hence it was desirable to compare 
the intracellular distribution of vitamin Bo 
with that of riboflavin in the livers of rats 
before and after the administration of 4- 
dimethylaminoazobenzene as well as in hepatic 
tumors induced by this dye. Similar data for 
the liver of the mouse, a species relatively re- 
sistant to the carcinogenic action of this 
dye,®’® are also presented. 

Methods, The animals were fed a semi- 
synthetic diet (diet 3^) containing 1.2 mg 
of riboflavin per kg, Male albino ratst were 
fed this basal diet with or without 0.06% 4- 
dimethylaminoazobenzene for 4 weeks. Fe- 
male albino mice^ were fed the same diets but 
for 4 months. The animals were killed with 
ether and the livers perfused in situ with 
isotonic saline. The perfusion and all sub- 
sequent steps prior to the analytical procedures 
were carried out at 0 to 5°. The rat liver 
tumors were obtained from rats fed the 
basal diet plus the dye for 4 to 5 months. 
Nine mouse livers were pooled for fractiona- 
tion No. 1 and 7 livers were combined for 
fractionation no. 2. Each fractionation of 
rat liver was made on pools from 2 (fraction- 

uKuseli, H. P., B.’iumann, C. A., Miller, J. A., 
and ICline, B- E., in Moulton, P. K., A.A.A.S. re- 
search conference on cancer, 'Washington, 1945, 
267. 

C Griffin, A. C,, and Baumann, C. A., Arch. Bio- 
chem., 1940, 11, 467. 

7 Miller, E, G., Miller, J. A., Eiline, B. E., and 
Busch, H. P., J. 88, 89. 

S Kirby, A. H. M., Cancer Bcscarch, 1945, 5, 
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ations no. 3 and 5) or 3 (fractionations no. 4 
and 6) animals. Small tumors which were 
grossly non-necrotic were pooled from 9 and 
20 rats for fractionations no. 7 and 8, re- 
spectively. The selection of the tumors, which 
■were obtained from non-perfused livers, was 
made as previously described.'' The pooled 
tumors and livers were forced through a plas- 
tic tissue mincer and homogenized in O.SS 
M sucrose solution as previously described.^ 
Differential centrifugation was used as de- 
scribed previously' to prepare the nuclear, 
large granule (mitochondria), small granule 
(microsome), and supernatant fluid fractions. 
The nuclear and large granule fractions were 
washed twice; the small granules were sedi- 
mented at 24,000 X g (at center of tube) for 
3 hours and w'ere not washed. In experiments 
where the small granules were washed the 
nuclear and large granule fractions were sedi- 
mented in the usual manner, but were ivashed 
only once. The supernatant fluid and washing 
from the large granules ivere combined and 
centrifuged for 36 minutes at 120,000 x g 
(at center of tube) in an air-driven ultracen- 
trifuge. The small granules were then re- 
suspended in the sucrose solution and, after 
aliquots had been taken for analysis, were 
brought to the volume in which they had pre- 
viously been suspended. After recentrifugation 
under identical conditions the sediment was 
suspended in the sucrose solution for analysis. 

Vitamin Bo was determined with Saccharo- 
myccs carlsbcrgcnsis by the method of Atkin 
ct a1.° This yeast responds equally to the 
3 known forms of vitamin Bo.'® The intra- 
cellular distributions of protein, nucleic acids, 
and riboflavin were also determined as pre- 
viously described.' The intracellular distri- 
butions of these constituents in the fraction- 
ations of the rat tissues agreed ■ivell with those 
previously published. 

Results. From Table I it is evident that 
most of the vitamin Bo was in the large gran- 
ules and the supernatant fluid in all of the 
tissues studied. The large granules con- 

9 Atkin, L.. Scliultr., .\. S., Willi.-ims, tV. L., nn4 
Frey, C. N.. In<J. and I'.nri. CUnn., Anal. Bd., 194,'.', 

13, 141. 

lOSncII. E. E., PhyAnl. Bn-., IPJS, 28. 25.-:. 
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TABLE I. 

IntraeeUular Distribution of Titamin Bg in Liver and Liver Tumor. 


Mouse livers Eat livers Eat liver tumors 



Basal 

Basal diet 



Basal diet 



Fraction 

diet 

-b iiye 

Basal diet 









Fractionation No. 





1 

o 

3 

4 

5 

6 

7 

s 




ug of vitamin B^ per g of fresh tissue 



Whole homogenate 
Nuclei 

6.0 

0.5 

4.5 

0.5 

6.4 

0.4 

6.4 

0.2 

4.0 

0.3 

4.7 

0.2 

1.S 

0.2 

1.2 

0.1 

Large granules 
Small ’ ’ 

2.0 

0.3 

1.4 

0.2 

2.3 

0.3 

2.9 

0.4 

1.6 

0.2 

1.9 

0.2 

0.5 

0.2 

0.4 

0.1 

Supernatant fluid 

3.0 

2 ^ 

3.0 

3.1 

l.S 

2.1 

1.2 

0.7 

Eecovery 

5.8 

4.3 

6.0 

6.6 

3.9 

4.4 

2.1 

1.3 




pg of 

vitamin Be 

per g of protein 


10 

Whole homogenate 

46 

34 

53 

50 

37 

40 

15 

Nuclei 

22 

IS 

26 

14 

18 

11 

5 

2 

Large, granules 

57 

57 

60 

73 

60 

5S 

46 

29 

Small ’ ’ 

19 

16 

IS 

21 

17 

13 

12 

9 

Supernatant fluid 

60 

36 

64 

62 

40 

41 

20 

14 


tained 2S to 45% and the supernatant fluid 
45 to 64% of the total amount of vitamin Be- 
The ratio of vitamin Bq to protein was higher 
in the large granule and supernatant fluid 
fractions, and lower in the nuclear and small 
granule fractions than it was in the whole 
homogenate. VTien 4-dimethylaminoazoben- 
zene was included in the diets of either rats 
(fractionations no. 5 and 6) or mice (frac- 
tionation no. 2) the amount of vitamin Be 
in the large granule and supernatant fluid 
fractions was considerably reduced. Since the 
protein content was also reduced in the large 
granule fraction^-- the ratio of vdtamin to pro- 
tein was unchanged in this fraction. On the 
other hand this ratio was decreased in the 
supernatant fluid since the protein content 
of this fraction remained unchanged.’-- In 
the liver tumor tissue the level of vitamin Be 
in the large granules and supernatant fluid was 
even lower than in the livers of rats fed the 
dye, and the ratio of the vitamin to protein 
was also much lower. 

The small granules isolated from the livers 
of rats fed the basal diet after centrifuging 
at 120,000 X g for 36 minutes were entirely 
comparable in their contents of pentosenucleic 
acid, riboflavin and vitamin Bg to those iso- 
lated from similar livers at 24,000 x g for 3 
hours. A single washing reduced the level 
of vitamin Be in these particles by 50 to 80%. 


The pentosenucleic acid was reduced by 13 
to 28% and in a single experiment no detec- 
table loss of riboflavin occurred on washing. 
These changes are probably attributable in 
part to the removal of some residual super- 
natant fluid from the small granules. 

Discussion. As in the case of riboflavin’”* 
the vitamin Bo was found chiefly in the large 
granules and supernatant fluid in all the 
tissues studied. The nuclear fraction of nor- 
mal rat liver contained 3 to 6% of the total 
vitamin Be whereas this fraction generally 
contains 5 to 9% of the total riboflavin. The 
greatest differences in the distribution of the 
two vitamins was found in the small granules. 
The washed small granules contained only 
0.8 to 1.9% of the total vitamin Bo but still 
contained 16% of the total riboflavin. It is 
probable that the values for the vitamin Be 
and riboflavin contents of the nuclear fraction 
are too high, since this fraction is contamin- 
ated with some whole cells and large gran- 
ules.’-” 

Claude’- stated that he found most of the 
transaminase activity of rat and guinea pig 
liver in the supernatant fluid. The transa- 

« Hogeboom, G. H., Sebneider, W. C., and Bal- 
lade, G. E., J. Biol. Chem., 1948, 172, 619. 

s- Claude, A., in Moulton, F. E., A.A.A.S. le- 
search conference on cancer, VTasbington, 1945 
223. ' 
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high dietary levels of this vitamin • delay the 
induction of neoplasms by certain of the amin- 
oazo dyes/' Furthermore, ingestion of any 
one of the various dyes lowers the level of 
riboflavin in the liver to a degree that is 
roughly' proportional to its carcinogenic ac- 
tivity/-' While the ingestion of 4-dimelhyl- 
aminoazobenzene also decreases the level of 
vitamin in the liver this vitamin differs 
from riboflavin in that the various dietary 
changes which enhance or lower the carcino- 
genic activity of this dye do not alter the 
level of hepatic vitamin Bn in a significant 
fashion." Hence it was desirable to compare 
the intracellular distribution of vitamin Bn 
with that of riboflavin in Liie livers of rats 
before and after the administration of 4- 
dimethylaminoazobenzene as well as in hepatic 
tumors induced by this dye. Similar data for 
the liver of the mouse, a species relatively re- 
sistant to the carcinogenic action of tliis 
dye, are also presented. 

Methods. The animals were fed a semi- 
synthetic diet (diet 3") containing 1.2 mg 
of riboflavin per kg. l\fale albino rats* were 
fed this basal diet with or witliout 0.06% 4- 
dimethylaminoazobenzcne for 4 weeks. Fe- 
male albino micc^ were fed the same diets but 
for 4 months. The animals were killed with 
ether and the livers perfused in situ witli 
isotonic saline. The perfusion and all sub- 
sequent steps prior to tlie analytical procedures 
were carried out at 0 to 5°. The rat liver 
tumors were obtained from rats fed llic 
basal diet plus the dye for 4 to S montlis. 
Nine mouse livers were pooled for fractiona- 
tion No. 1 and 7 livers were combined for 
fractionation no. 2. Each fractionation of 
rat liver was made on pools from 2 (fraction- 

r- Busch, 11. I’., B.-ium.mn, C. A., Miller, .T. A., 
.111(1 Jvliiio, It. E.f in ^foultun, B. Jt., A.A.A.S, re- 
Bc.-ircli conference on c.inccr, W.ishinglon, 19-15, 
207, 

<1 Grillin, A. C., .tiul B.mmunn, C. A., Arch. Tiio- 
clicm., 1046, 11, -107. 

7 Miller, E. C., Miller, .T. A., Kline, B. B,, nnil 

Busch, n. p., r.xp. Men., ms, m, so. 

8 Kirby, A. II. M., Cancer Jlcscareh, 194.5, 15, 
083. 

■ i JIoItr.m.in B.it Comp.iny, Mndison, Mis. 
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ations no. 3 and 5) or 3 (fractionations no. 4 
and 6) animals. Small tumors which were 
giossly non-necrotic were pooled from 9 and 
20 rats for fractionations no. 7 and 8, re- 
spectively. The selection of the tumors, which 
w'cre obtained from non-perfused livers, was 
made as previously de-scribed,' 'J'he pooled 
tumors and livers were forced through a plas- 
tic ti.<sue mincer and liomogenized in O.SS 
M sucrose solution as previously described.* 
Differential centrifugation was used as de- 
scribed previously*---' to prepare the nuclear, 
large granule (mitochondria), small granule 
(microsomc), and supernatant fluid fractions. 
The nuclear and Jarge grannie fractions were 
washed twice; the small granules were sedi- 
mented at 24,000 X g (at center of tube) for 
3 hours and were not washed. In e.vperimenls 
where the small granules were washed the 
nuclear and large granule fractions were sedi- 
mented in the usual manner, but were washed 
only once. The .supernatant fluid and washing 
from the large granules were combined and 
centrifuged for 36 minutes at 120,000 x g 
(at center of tube) in an air-driven ultracen- 
trifuge. 'Pile small granules were then re- 
suspended in the sucrose .solution and, after 
aliquots had been taken for analysis, were 
brought to the volume in which they bad pre- 
viously been .suspended, .-\fter rccenlrifugation 
under identical conditions the sediment was 
suspended in the sucrose solution for analysis. 

Vitamin Bo was determined with Saccharo- 
myccs carlshcrgcnsis iiy the method of Atkin 
ct cf.® This yeast responds equally to the 
3 known forms of vitamin Bo.'® The intra- 
cellular distributions of protein, nucleic acids, 
and riboflavin were also ilclennined as pre- 
viously dcscriliccl* The intracellular distri- 
butions of thc.se constituents in the fraction- 
ations of the rat tissues agreed well tvith tho.se 
previousb- publ ished.*-'' 

Results. From Table I it Is evident that 
most of (he vitamin Bo was in (he large gran- 
ules and the supernatant fluid in all of the 
tissues studied. The large granules con- 

9 Atfcin, I'-, Schultz, A. S., AVilli.-inis, 5V. B,, .-ind 
Frey, C. X., Inn. ami Kn.a. Chem., Anal. Jlil., J9 in, 

15 , 341 . 

10 Snell. K. K., I;rr., 39(5, USt, g.l.T. 
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TABLE I. 

I ntracellular Distribution of Yitamin Bp in LWot and Lu-er Tumor. 

Mouse livers Eat livers Bat liver tumors 


Fraction 


Basal Basal diet Basal diet 

diet + dye Basal diet + dye 


Vrholc homogenate 
Nuclei 

Large granules 
Small " 
Supernatant fluid 

Eecovery 


Whole homogenate 
Nuclei 

Large, granules 
Small 

Supernatant fluid 


Fractionation No. 


1 

O 

3 

4 

5 

6 

7 

S 



o£t of Titamin Bn per g of fresh tissue 



6.0 

4.5 

6.4 

6.4 

4.0 

4,7 

1.S 

1.2 

0.5 

0.5 

0.4 

0.2 

0.3 

0,2 

0.2 

0.1 

2.0 

1.4 

2.3 

2.9 

1.6 

1.9 

0.5 

0.4 

0.3 

0.2 

0.3 

0.4 

0.2 

0.2 

0.2 

0.1 

3.0 

2 2 

3.0 

3.1 

l.S 

2.1 

1.2 

0.7 

5.8 

4.3 

6.0 

6.6 

3.9 

4.4 

2.1 

1.3 



«g of vitamin Bg 

per g of protein 



40 

34 

33 

50 

37 

40 

15 

10 

22 

IS 

26 

14 

IS 

11 

5 

2 

57 

57 

60 

73 

GO 

58 

46 

29 

19 

16 

IS 

21 

17 

13 

12 

9 

60 

36 

64 

62 

40 

41 

26 

14 


tained 2S to 45^ and the supernatant fluid 
45 to 64% of the total amount of vitamin Be. 
The ratio of vitamin Bo to protein was higher 
in the large granule and supernatant fluid 
fractions, and lower in the nuclear and small 
granule fractions than it was in the whole 
homogenate. When 4-diinethylaminoazoben- 
zene was included in the diets of either rats 
(fractionations no. S and 6) or mice (frac- 
tionation no. 2) the amount of vitamin Bo 
in the large granule and supernatant fluid 
fractions was considerably reduced. Since the 
protein content was also reduced in the large 
granule fraction^’- the ratio of vitamin to pro- 
tein was unchanged in this fraction. On the 
other hand this ratio was decreased in the 
supernatant fluid since the protein content 
of this fraction remained unchanged.*’- In 
the liver tumor tissue the level of vitamin Be 
in the large granules and supernatant fluid was 
even lower than in the livers of rats fed the 
dye, and the ratio of the vitamin to protein 
was also much lower. 

The small granules isolated from the livers 
of rats fed the basal diet after centrifuging 
at 120,000 s g for 36 minutes were entirely 
comparable in their contents of pentosenucleic 
acid, riboflavin and vitamin Bo to those iso- 
lated from similar livers at 24,000 x g for 3 
hours. A single washing reduced the level 
of vitamin Bo in these particles by 50 to 80%. 


The pentosenucleic acid was reduced by 13 
to 28% and in a single experiment no detec- 
table loss of riboflavin occurred on washing. 
These changes are probably attributable in 
part to the removal of some residual super- 
natant fluid from the small granules. 

Discussion. As in the case of riboflavin*-* 
the vitamin Bo was found chiefij’’ in the large 
granules and supernatant fluid in all the 
tissues studied. The nuclear fraction of nor- 
mal rat liver contained 3 to 6% of the total 
idtamin Bo whereas this fraction generally 
contains 5 to 9% of the total riboflavin. The 
greatest differences in the distribution of the 
two vitamins was found in the small granules. 
The washed small granules contained only 
0.8 to 1.9% of the total vitamin Bo but still 
contained 16% of the total riboflavin. It is 
probable that the values for the vitamin. Bo 
and riboflavin contents of the nuclear fraction 
are too high, since this fraction is contamin- 
ated with some whole cells and large gran- 
ules.*-** 

Claude*- stated that he found most of the 
transaminase activity of rat and guinea pig 
liver in the supernatant fluid. The transa- 

11 Hogeboom, G. H., Sebneider, W. C., and Bal- 
lade, G. E., J. Biol. Chem., 1948, 172, C19. 

12 Claude, A., in Monlton, F. B., A.A.A.S. re- 
search conference on cancer, Washington, 1945, 
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high dietary levels of this vitamin delay the 
induction of neoplasms by certain of the amin- 
oazo dyes.® Furthermore, ingestion of any 
one of the various dyes lowers the level of 
riboflavin in the liver to a degree that is 
roughly' proportional to its carcinogenic ac- 
tivity While the ingestion of 4-dimethyl- 
aminoazobenzene also decreases the level of 
vitamin Be in the liver this vitanun differs 
from riboflavdn in that the various dietary 
changes which enhance or lower the carcino- 
genic activity of this dj-e do not alter the 
level of hepatic vitamin Be in a significant 
fashion." Hence it was desirable to compare 
the intracellular distribution of vitamin B« 
ivith that of riboflavin in the livers of rats 
before and after the administration of 4- 
dimethylaminoazobenzene as well as in hepatic 
tumors induced by this dye. Similar data for 
the liver of the mouse, a species relatively re- 
sistant to the carcinogenic action of this 
dye,®-® are also presented. 

Methods. The animals were fed a semi- 
s^mthetic diet (diet 3") containing 1.2 mg 
of riboflavin per kg. Male albino ratst were 
fed this basal diet with or without 0.06fo 4- 
diraeth 3 daminoazobenzene for 4 weeks. Fe- 
male albino mice^ were fed the same diets but 
for 4 months. The animals were killed ■ndth 
ether and the livers perfused hi situ with 
isotonic saline. The perfusion and all sub- 
sequent steps prior to the analjTical procedures 
were carried out at 0 to 5°. The rat liver 
tumors were obtained from rats fed the 
basal diet plus the dye for 4 to 5 months. 
Nine mouse livers were pooled for fractiona- 
tion No. 1 and 7 livers were combined for 
fractionation no. 2. Each fractionation of 
rat liver was made on pools from 2 (fraction- 

sRusdi, H. P., Baumann, C. A., Jliller, J. A., 
and Kline, B. E., in Moulton, P. B., A.A.A.S. re- 
search conference on cancer, Washington, 1945, 
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ations no. 3 and 5) or 3 (fractionations no. 4 
and 6) • animals. Small tumors which were 
gi-ossly non-necrotic were pooled from 9 and 
■ 20 rats for fractionations no. 7 and 8, re- 
spectively. The selection of the tumors, which 
were obtained from non-perfused livers, was 
made as previously described.-* The pooled 
tumors and livers were forced through a plas- 
tic 'tissue mincer and homogenized in 0.88 
M sucrose solution as previously described.* 
Differential centrifugation was used as de- 
scribed previously*’-’-* to prepare the nuclear, 
large granule (mitochondria), small granule 
(microsome), and supernatant fluid fractions. 
The nuclear and large granule fractions were 
washed twice; the small granules were sedi- 
mented at 24,000 X g (at center of tube) for 
3 hours and were not washed. In experiments 
where the small granules were washed the 
nuclear and large granule fractions were sedi- 
mented in the usual manner, but were washed 
only once. The supernatant fluid and washing 
from the large granules were combined and 
centrifuged for 36 minutes at 120,000 x g 
(at center of tube) in an air-driven ultracen- 
trifuge. The small granules were then re- 
suspended in the sucrose solution and, after 
aliquots had been taken for analysis, w’ere 
brought to the volume in which they had pre- 
viously been suspended. After recentrifiigation 
under identical conditions the sediment was 
suspended in the sucrose solution for analj'sis. 

Vitamin Be was determined with Saccharo- 
myccs carlsbcrgciisis by the method of Atkin 
et a/.® This yeast responds equally to the 
3 kno-ivn forms of vitamin Bo-*® The intra- 
cellular distributions of protein, nucleic adds, 
and riboflavin were also determined as pre- 
viously described.* The intracellular distri- 
butions of these constituents in the fraction- 
ations of the rat tissues agreed well with those 
previouslj’ published.*’-* 

Results. From Table I it is evident that 
most of the vitamin Be was in the large gran- 
ules and the supernatant fluid in all of the 
tissues studied. The large granules con- 

9 Atkin, L., Schultz, A. S., WiJIiams, tV. L., and 
Prey, C. N., Ind. and Eng. Chem., Anal. Ed., 1943, 

15, 141. 

10 Snell, E. B., Physiol. Scv., 1948, 28, 255. 
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TABLE I. 

Intracellular Distribution of Vitamin Bp in Liver and Liyer Tumor, 

Mouse livers Eat livers Eat liver tumors 


Fraction 


Whole homogenate 
Nuclei 

Large granules 
Small " 
Supernatant fluid 

Recovery 


Whole homogenate 
Nuclei 

Large, granules 
Small ” 
Supernatant fluid 


^ - Z""” ' 

Basal Basal diet Basal diet 

diet + dye Basal diet + dl'e 

Fractionation No. 

12 3 4 5 6 '' 


6.0 

4.5 

Mg of vitamin Be per g of fresh tissue 
6.4 6.4 4.0 4.7 

1.8 

1.2 

0.5 

0.5 

0.4 

0.2 

0.3 

0.2 

0.2 

0.1 

2.0 

1.4 

2.3 

2.9 

1.6 

1.9 

0.5 

0.4 

0.3 

0.2 

0.3 

0.4 

0.2 

0.2 

0.2 

0.1 

3.0 

^ 2 

3.0 

3.1 

1.8 

2.1 

1.2 

0.7 

0.8 

4.3 

0.0 

6.6 

3.9 

4.4 

2.1 

1.3 

46 

34 

fig of ritamin Be 
53 50 

per g of protein 

37 40 

15 

10 

22 

IS 

26 

14 

18 

11 

5 

2 

57 

57 

60 

73 

60 

58 

46 

29 

19 

16 

IS 

21 

17 

13 

12 

9 

60 

36 

64 

62 

40 

41 

26 

14 


tained 28 to 45% and the supernatant fluid 
45 to 64% of the total amount of vitamin Be- 
The ratio of vitamin Bo to protein 'was higher 
in the large granule and supernatant fluid 
fractions, and lower in the nuclear and small 
granule fractions than it was in the whole 
homogenate. When 4-dimethylaminoazoben- 
zene was included in the diets of either rats 
(fractionations no. 5 and 6) or mice (frac- 
tionation no. 2) the amount of vitamin Be 
in the large granule and supernatant fluid 
fractions was considerably reduced. Since the 
protein content was also reduced in the large 
granule fraction^’- the ratio of vitamin to pro- 
tein was unchanged in this fraction. On the 
other hand this ratio was decreased in the 
supernatant fluid since the protein content 
of this fraction remained unchanged.^’” In 
the liver tumor tissue the level of vitamin Be 
in the large granules and supernatant fluid was 
even lower than in the livers of rats fed the 
dye, and the ratio of the vitamin to protein 
was also much lower. 

The small granules isolated from the livers 
of rats fed the basal diet after centrifu^ng 
at 120,000 .v g for 36 minutes were entirely 
comparable in their contents of pentosenucleic 
acid, riboflavin and vitamin Be to those iso- 
lated from similar livers at 24,000 x g for 3 
hours. A single washing reduced the level 
of vitamin Bo in these particles by 50 to 80%. 


The pentosenucleic acid was reduced by 13 
to 28^ and in a single experiment no detec- 
table loss of riboflavin occurred on washing. 
These changes are probably attributable in 
part to the removal of some residual super- 
natant fluid from the small granules. 

Discussion. As in the case of riboflavin^"^ 
the vitamin Bo was found chiefly in the large 
granules and supernatant fluid in all the 
tissues studied. The nuclear fraction of nor- 
mal rat liver contained 3 to 6% of the total 
\dtamin Be whereas this fraction generally 
contains 5 to 9% of the total riboflavin. The 
greatest differences in the distribution of the 
two vitamins was found in the small granules. 
The washed small granules contained only 
0.8 to 1.9% of the total vitamin Bo but still 
contained 16% of the total riboflavin. It is 
probable that the values for the vitamin Bo 
and riboflavin contents of the nuclear fraction 
are too high, since this fraction is contamin- 
ated with some whole cells and large gran- 
ules.^'i^ 

Claude^- stated that he found most of the 
transaminase activity of rat and guinea pig 
liver in the supernatant fluid. The transa- 

11 Hogeboom, G. H., Schneider, W. C., and Bal- 
lade, G. E., J. Biol. Chem., 1948, 172, 619. 

12 Claude, A., in Moulton, F. E., A.A.A.S. re- 

search conference on cancer, Washington, 1945 
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minase activity was relatively low in the large 
granules and was completely absent from the 
microsome or small granule fraction. Subse- 
quent to these observations it was found that 
vitamin Bo is an integral part of this enzyme 
system.*® Thus the data presented above sup- 
port those of Claude since the small granules 
contain no transaminase activity and very 
little vitamin Br, while the parts of the liver 
cell that contain transaminase activity are 
particularly rich in vitamin B^. No informa- 
tion is available on the presence or distribu- 
tion in these tissues of other enzymes which 
contain vitamin B,;. 

The hepatic carcinogen 4-dimethyIamino- 
azobenzene reduced the level of riboflavin*-- 
and vitamin B(j in the large granules and 
supernatant fluid, but in both cases the re- 
duction of protein in the large granules paral- 
leled the decrease in vitamin content. This 
is probably the result of a reduction of the 
number of large granules in the liver cells.® 

Svmmary. The intracellular distribution 
of vitamin Bo in rat liver tumors induced by 
4-dimethylaminoazobenzene and in the livers 

13 Wynne. A. M., in Jiiii. Jtev, of JSiorhcm., 
1946. 15, 58. • 


of rats and mice before and after administra- 
tion of the azo dye was determined after dif- 
ferential centrifugation of the tissue homogen- 
ates in hi’pertonic sucrose solution. 

In all cases vitamin Bo was concentrated in 
the washed large granules or mitochondria 
(28 to 45% of total) and in the supernatant 
fluids (45 to 64% of total). The washed nu- 
clear fractions contained 3 to 11% of the 
total vitamin Bo present. The unwashed small 
granules or microsomes contained 4 to 8% 
of the total vitamin Bf,; in the case of normal 
rat liver one w'ashing reduced the level to 
about 1)4%. 

The ingestion of the azo dye reduced the 
levels of the vitamin in the large granule and 
supernatant fluid fractions of the livers in 
each species. The decrease in protein con- 
tent of the large granules paralleled the de- 
crease in vitamin Bo content. The large 
granule and supernatant fluid fractions of the 
liver tumors contained even less vitamin Bo 
than was found in the corresponding fractions 
from the livers of rats fed the dye and the 
ratio of the vitamin to protein was also much 
loiver. 

Keccivcd ,Tuly 5, 194^ P.S.E.B.Jt., 1949, 71. 


17262. Healing of Tuberculous Pulmonary Cavities by Means of Skin 
Grafts. 


Arthur Martin Vineberg. (Introduced by J. S. L. Browne.) 
From Grace Dart Borne BospitaX, ilonircaX, Canada. 


Giant tuberculous pulmonary cavities con- 
tinue to present 'one of the most complex 
problems in the surgical treatment of pulmon- 
arv tuberculosis. Various types of collapse 
therapy have resulted in a high percentage 
of failures. Intracavitary drainage in tension 
or blocked cavities, combined with collapse 
tlierapy, has greatN increased the number of 
good results. 

Intracavitary drainage without collapse 
therapy provides relief from toxicity but ^ 
of little value in cavity closure. In advanced 
pulmonary disease with multiple cavitation, 
collapse therapy is contraindicated. 


We wish to present a somewhat different 
point of view. Let us consider that a tuber- 
culous pulmonary cavity is a chronic lung 
abscess: The lung surrounding a chronic non- 
specific lung abscess shows little disease. When 
such an abscess is drained, the surrounding 
lun<r tissues fill in the defect occupied by the 
abscess. In a tuberculous lung abscess, the 
surrounding lung tissues are usua!l,v diseased 
and cannot e.xpand to fill in the space occupied 
by the abscess cavity. Drainage is of cleans- 
in<' value in pulmonary tuberculous cavities, 
as'in other types of pulmonary abscesses, but 
cavity^ obliteration does not occur without col- 
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minase activity was relatively low in the large 
granules and was completely absent from the 
microsome or small granule fraction. Subse- 
quent to these observations it was found that 
vitamin Bo is an integral part of this enzyme 
system.’® Thus the data presented above sup- 
port those of Claude since the small granules 
contain no transaminase activity and very 
little vitamin Be, while the parts of the liver 
cell that contain transaminase activity are 
particularly rich in vitamin Bn. No informa- 
tion is available on the presence or distribu- 
tion in these tissues of other enzymes which 
contain vitamin Bo- 

The hepatic carcinogen 4-dimethylamino- 
azobenzene reduced the level of riboflainni-- 
and vitamin Br, in the large granules and 
supernatant fluid, but in both cases the re- 
duction of protein in the large granules paral- 
leled the decrease in vitamin content. This 
is probably the result of a reduction of the 
number of large granules in the liver cells.® 

Summary. The intracellular distribution 
of vitamin Bn in rat liver tumors induced by 
4-dimethylaminoazobenzene and in the livers 

13 Wynne. A. M., in Ann. Jtev. of Bioehem., 
1946, 13, 58. 


of rats and mice before and after administra- 
tion of the azo dye was determined after dif- 
ferential centrifugation of the tissue homogen- 
ates in hypertonic sucrose solution. 

In all cases vitamin Bo was concentrated in 
the washed large granules or mitochondria 
(28 to 45% of total) and in the supernatant 
fluids (45 to 64% of total). The washed nu- 
clear fractions contained 3 to 11% of the 
total \dtamin Be present. The unwashed small 
granules or microsomes contained 4 to 8% 
of the total vitamin B,;: in the case of normal 
rat liver one washing reduced the level to 
about 1J4%. 

The ingestion of the azo dye reduced the 
levels of the vitamin in the large granule and 
supernatant fluid fractions of the livers in 
each species. The decrease in protein con- 
tent of the large granules paralleled the de- 
crease in vitamin Be content. The large 
granule and supernatant fluid fractions of the 
liver tumors contained even less vitamin Bo 
than was found in the corresponding fractions 
from the livers of rats fed the dye and the 
ratio of the vitamin to protein was also much 
lower. 

Bcccivcd .Tuly 5, 1949. P.S.E.B.il., 1949, 71. 


17262. Healing of Tuberculous Pulmonary Cavities by Means of Skin 
Grafts. 


Arthur Martin Vineberg. (Introduced by J. S. L. Browne.) 
From Grace Bart Some SospHal, Slonircat, Canada. 


Giant tuberculous pulmonary cavities con- 
tinue to present 'one of the most comple.v 
problems in the surgical treatment of pulmon- 
arj^ tuberculosis. Various types of collapse 
therapy have resulted in a high percentage 
of failures. Intracavitary drainage in tension 
or blocked cavities, combined with collapse 
therapy, has greatly increased the number of 
good results. 

Intracavitary drainage without collapse 
therapy provides relief from toxicity but is 
of little value in cavity closure. In advanced 
pulmonary disease with multiple cavitation, 
collapse therapy is contraindicated. 


We ivish to present a somewhat different 
point of viewL Let us consider that a tuber- 
culous pulmonary cavity is a chronic lung 
abscess: The lung surrounding a chronic non- 
specific lung abscess shows little disease. IVhen 
such an abscess is drained, the surrounding 
lung tissues fill in the defect occupied by the 
abscess. In a tuberculous lung abscess, the 
surrounding lung tissues are usually diseased 
and cannot e.xpand to fill in the space occupied 
by the abscess cavity. Drainage is of deans- 
in<^ value in pulmonary tuberculous cavities, 
as°in other types of pulmonary abscesses, but 
cavity obliteration does not occur without col- 



Alloxan with Pancreatic Vessels Occluded 


aorta with rubber-tipped bulldog clamps. Each 
animal was then given 150 mg/kg of 5% 
alloxan (Eastman Kodak) into an ear vein 
during a 2 minute period and the clamps were 
left in place for a further period of 8 minutes. 
The clamps were then removed and the in- 
cision closed. Blood samples were obtained 
immediately before the alloxan injection and 
at frequent interv’als thereafter, and the blood 
sugar was determined by the Folin and Mal- 
mros micromethod.® 

The animals were sacrificed by an intra- 
venous injection of sodium pentobarbital. A 
part of the pancreas was removed immediate- 
ly and fixed in Bouin’s fluid. The remainder 
of the pancreas and portions of other organs 
were fixed in Kelly ’s fluid. Gomori’s chrome 
alum hematoxylin stain^ was used to differen- 
tiate beta and alpha cells in the islets of Lang- 
erhans, and hematoxylin and eosin was used 
on the other tissues. 

Preliminary Experiments. In some prelim- 
inary experiments the celiac artery alone was 
clamped. Of 8 such animals given alloxan 2 
developed severe diabetes at 24 hours with 
Upical destruction of the pancreatic islets. 
Two others developed mild, transient, delayed 
hvqierglycemia after 6 days but when studied 
histologically at 19 and 21 days no abnor- 
malities were detected in the pancreas. The re- 
maining 4 failed to show hjqierglycemia in 
19 to 37 days of study and on histological ex- 
amination the pancreas appeared normal. Of 
the 6 animals which failed to develop typical 
diabetes 5 had shonm definite early hjqjogly- 
cemia ndth convulsions in 3 cases. 

VTien India ink (20 cc of a 1 to 5 dilution) 
was injected into an ear vein with only the 
celiac artery clamped small quantities of the 
ink were detected in the pancreas indicating 
that the blood supply was not completely oc- 
cluded. However, when both the celiac and 
mesenteric arteries were clamp>ed and India 
ink injected no ink could be detected with 
certainty in the pancreas of 2 animals while in 
a 3rd only verj' small quantities were pres- 
ent. Control sections of the liver and kidney 

srolin, 0., and Malmros, H. J., J. Biol. Chem., 
1929, 115. 

< Gomoii, G., Am. J. Path., 1941, 17, 395. 
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disease with giant bilateral apical cavities. On 
February 4, 1948, an anterior stage thoraco- 
plasty was done on the left side. On May 28, 
1948, intracavitary drainage was established 
in the left apical cavity. The poor general 
condition of the patient prevented further 
collapse therapy. On September 22, 1948, the 
left apical cavity was entered into through 
the drainage tract. Cavemostomy was done, 
and the depths of the cavity were lined with 
a split-thickness skin graft. This was repeat- 
ed on October 20, 1948, November 17, 1948 
and on February 9, 1949; on the last occa- 
sion pinch grafts were used. In all instances 
mentioned, at least a 75% “take” of the graft 
was obtained. The cavity on the left side 


diminished and gradually was covered Mth 
skin; the bronchial openings, which at first 
were large, gradually closed. At autopsy. 
May 8, 1949, there was no evidence of an 
open bronchus leading to the skin surface. The 
surface skin on the chest wall showed a de- 
pression about V/i" in diameter which en- 
tered into the lung. The cavity seemed to be 
completely covered by skin and was entirely 
exteriorized. The cavity on the right side 
remained unchanged. Two other cases have 
been treated. In both skin grafting has been 
successful and the cavities seem to be healing. 

Heccived June C, 1949. P.S.E.B.M., 1949, 71. 


17263. Effect of Alloxan in Rabbits with Temporary Occlusion of the 
Arteries to the Pancreas.* 


C. Cabell Bailev, Jean Collins-Williams and Philip ]M. LbCompte. (Introduced 

by Alexander Marble.) 

From IJie George F. Sahcr Clinic, Few England Deaconess Sospital, Boslon, Mass. 


Numerous investigations have shown that 
the injection of alloxan into various animals 
causes destruction of the pancreatic islets of 
Langerhans with the production of diabetes. 
After the injection of a diabetogenic dose of 
alloxan intravenously into a rabbit hj^pergly- 
cemia appears which reaches its peak within 2 
hours. This in turn is followed in 2 to 9 
hours by profound hypoglycemia frequently 
with convulsions. Finally within 24 to 48 
hours diabetes develops and although most 
agree that the diabetes results from the de- 
struction of the islets of Langerhans, the 
initial hj^perglycemic phase and especially 
the hypoglycemic phase have caused much 
speculation and disagreement. 

Although diabetes usually is considered to 
result from an action of the drug on the pan- 
creatic islets, Jimensz-Diaz^ reported that 
clamping the renal blood v essels immediately 

* This work was aided by grants from the 
American Cyanamid Co., and the Diabetic Fund. 

1 Jimenez-Diaz, G., Grande-Covian, P., and 
DeOya, J. C., Nature, 3946, 158, 589. 


before the injection of alloxan prevents the 
development of diabetes. Others" have not 
been able to confirm this. 

In the present investigation alloxan was 
injected into rabbits with the blood supply to 
the pancreas occluded temporarily in order 
(I) to confirm that alloxan diabetes is pan- 
creatic in origin, and (2) to determine if the 
hypoglycemia is dependent upon alloxan pro- 
ducing histological changes in the islets of 
Langerhans. 

Materials and Methods. Male albino rab- 
bits weighing 2.0 to 2.7 kg were used and each 
was fasted for 16 to IS hours before an ex- 
periment. Anesthesia w^as obtained by 18 to 
20 mg/kg of 5% sodium pentobarbital intra- 
venously supplemented by ether given by 
open mask as required. A transverse incision 
was made in the left upper quadrant of the ab- 
domen extending quite far laterally. The celiac 
axis and the superior mesenteric artery were 
exposed and clamped close to the abdominal 

2 Martinez, C., Gitter, S., .and Covian, IS. E., 
jSen. Soc. argent dc tiol., 1947, 5223, 81. 
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glycemic phase is either extrapancreatic in 
origin as first suggested by Houssaj'^ or that 
insulin is released from the islets by the 
action of a small quantity of alloxan insuf- 
ficient to produce detectable histological 
changes. 

After these studies had been completed vre 
learned that Carrasco-Formiguera® had con- 
ducted experiments in 4 dogs in vrhich alloxan, 
in dosage of 75 mg/kg, was injected into an 
intramesenteric vein . while the pan- 
creas was totally excluded from the circula- 
tion by clamping all its xdsible channels of 
irrigation, previous to, through 6 minutes after 
the said injection . . All 4 dogs de- 
veloped profound h>-poglycemia and in the 
2 animals whose tissues were examined histo- 
logically the pancreas was said to be normal 
but the liver showed extremely severe lesions. 
Carrasco-Formiguera concluded from these 
e.xperiments that the probable cause of allox- 

5 Houssav, B. A., Orias, 0., and Sara, I., Science, 
1JI45, 102. 197. 

c Carrasco-Formiguera, E.. Arch. Biol. Pal. 
(Univ. fie IjOs Andee). 1948, 1, 111. 


an hipoglycemia was liver damage. . How- 
ever, in our rabbits with occluded pancreatic 
circulation the alloxan was injected into an 
ear vein instead of into the portal system and 
hjqioglv'cemia developed without detectable 
histological changes in the liver. 

Summary. Diabetes was prevented in 9 of 
10 rabbits given alloxan by temporarj' oc- 
clusion of the celiac and superior mesenteric 
arteries. The remaining animal developed 
moderate, delayed diabetes with mild histo- 
logical changes in the islets of Langerhans. 

Severe hipoglycemia was observed in 
several of the rabbits which failed to develop 
diabetes and which failed to show any histo- 
logical change in the islets of Langerhans or 
the liver when examined at 2 to 15 days. 

These experiments indicate that alloxan 
diabetes is pancreatic in origin but suggest 
that the hxpoglycemic phase is either extra- 
pancreatic in origin or may be produced by 
the action of very’ small quantities of allo.xan 
insufficient to produce detectable changes in 
the islets of Langerhans. 

Kccpived July 1, 1949. P.S.E.B.il.. 1949, 71. 


17264. Effect of Uric Acid in Glutathione-Deficient Rabbits.*" 

Jeax Coleixs-Williaxis axd C. Cabell Bailey. (Introduced by .Alexander Marble.) 
From the George F. Dal:cr Clinic, Xeto England Deaconess Hospital, Boston, Mass. 


The production of diabetes by the adminis- 
tration of alloxan or chemically related com- 
pounds, dialuric acid or alloxantin, has pro- 
voked considerable speculation whether these 
may occur in the body as normal or abnormal 
metabolites in sufficient concentration to 
damage the islets of Langerhans. Since al- 
loxan can be obtained by the reduction of 
uric acid iti vitro, Lazarow’^ suggests that an 
abnormal purine metabolism may possibly pro- 
duce alloxan or an alloxan-like compound. 

The injection of alloxan produces a pro- 

* This work was aided hr gr.ants from the 
.American Cranamid Co., and the Di.ahetic Fund. 

1 1.ararow, A.. Pi;oc. Soc. Exp. Biol, .ikd Med., 
194C, Cl, 441. 


found decrease in blood reduced glutathione 
in rabbits- and rats’ and the administration 
of glutathione prior to the injection of allox- 
an prevents the diabetogenic action of the 
latter.' This suggests that glutathione may 
represent one of the natural protections of 
the body against alloxan or alloxan-like sub- 
stances. 

Griffiths^ artificially lowered the blood glu- 
tathione in 4 rabbits from an average of 38 
to 18-23 mg/100 cc by feeding a diet de- 

2 Leech, B. S., and Bailer, C. C., J. Biol. Chem., 
194y, 157, 525. 

^Bruckmann. G., and Wertheimer, E., J. Biol. 
Chem.. 1947, 1C8. 241. 

Griffiths, M., J. Biol. Chem., 1948, 172, 823. 
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showed large quantities of the ink. 

In control animals with both the celiac and 
superior mesenteric' arteries occluded but no 
alloxan or ink injected the blood sugar re- 
mained within a normal range. 

Results. Table I shows the blood sugar of 
10 rabbits given alloxan just after clamping 
the celiac and superior mesenteric arteries. 

An initial hyperglycemic phase usually seen 
after the injection of allo.xan in normal animals 
was present but not striking in most of these 
e.xperiments. 

Six of the 10 rabbits developed severe hypo- 
glycemia within 3 to 9 hours after alloxan with 
blood sugar values of 34 to 47 mg/100 cc 
and 2 others had blood sugar values of 59 
and 69 respectively. The remaining 2 failed 
to develop hypoglycemia by 6 hours when 
they were fed and the possibility' exists that 
hypoglycemia might have occurred had they' 
been fasted longer. 

Nine of the 10 animals failed to develop 
diabetes. Eight were sacrificed in 3 to IS 
days and one rabbit, which had unusually pro- 
longed hypoglycemia, died of an undetermined 
cause 2 days after the injection with a normal 
blood sugar. In the remaining rabbit (No. 5) 
the blood sugar was normal for 3 days, reached 
171 mg on the 4th day' and 258 and 230 re- 
spectively, on the Sth and 6th day at which 
time the animal was sacrificed. Such a de- 


chromatic forms; (3) a total of 4 mitotic 
figures in beta cells found in examination of 
2 different sections; and (4) a pallor of the 
cytoplasm of the beta cells, suggesting de- 
granulation but without definite vacuoles. 
Rabbit 4, which had a normal blood sugar 
and appeared well when sacrificed 3 days after 
alloxan, showed the same type of histological 
changes but to a considerably less degree. 

It should be pointed out that the changes 
described above are in marked contrast to 
the massive necrosis of beta cells which 
usually follows a diabetogenic dose of allo.x- 
an. The findings do suggest a mild injury 
of the beta cells with evidence of regeneration. 

Discussion. These e.xperiments strongly 
suggest that alloxan diabetes is pancreatic in 
origin for we have not observed definite dia- 
betes when the pancreatic blood supply was 
interrupted sufficiently to prevent detectable 
changes in the islets of Langerhans, 

Although very' mild, transitory, delayed hy- 
perglycemia was observed in 2 rabbits ■nnth 
only the celiac artery occluded and no islet 
changes were seen, which appears contradic- 
tory, it must be emphasized that these animals 
were sacrificed at 19 and 21 days after the 
administration of alloxan and it is well known 
that slight pancreatic islet damage observed 
in the first 2 or 3 day's after alloxan injection 
may not be visible several days later. Since 


lay'ed onset of hyperglycemia occurs occasion- 
ally in unoperated rabbits given alloxan but 
usually definite hyperglycemia develops xvithin 
24 to 48 hours. 


For histological examination 2 animals were 
sacrificed at 3 days, 3 at 5 days, 2 at 12 days 
and 2 at IS days.* No significant findings were 
noted in the liver, spleen, adrenals or kidneys 


in any of the animals. Seven rabbits (Nos. 2, 
3, 6, 7, 8, 9, 10) show'ed no definite histologic- 
al changes in the pancreas. The tissues of 
one animal (No. 1) were inadvertently de- 
stroyed. In the remaining 2 (Nos. 4 and S), 
mild alterations in the pancreas were found. 

In rabbit No. 5 which developed delayed 
hypoglycemia the islets showed (1) an ap- 
parent reduction in the total number of beta 
cells some islets consisting solely of alpha 
rells- (21 a definite variatjon m size of the 
Nuclei of beta cells, with some large hyper- 


very small amounts of India ink were present 
in the pancreas of 1 of 3 animals with both 
celiac and superior mesenteric arteries occlud- 
ed, and since 1 rabbit developed delay'ed 
hyperglycemia accompanied by slight but 
definite pancreatic changes, it is not certain 
that damping these 2 vessels always elimi- 
nates completely the blood supply to the 
pancreas. 

From these e.vperiments it is impossible to 
say that no alloxan reached the pancreas and 
that the hypoglycemic phase was extrapan- 
creatic in origin. However, hypoglycemia was 
observed to follow the injection of alloxan 
without the subsequent development of dia- 
betes and mthout detectable changes in the 
islets of Langerhans even in 2 animals whose 
pancreas was e-xamined at 2 and 3 days when 
alloxan damage to the islets should be severe. 
These experiments suggest that the hypo- 
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TABLE LL 

ESect of Hemorrhage on Blood Bedneed Glntathione Concenttation ip Babbits. 


Babbit 

No. 

Buration 
of bleeding 
period (days) 

Amt. of blood 
withdrawn (cc) 

Hemoglobin, 
g/100 cc 

Blood 
glutathione, 
mg/100 cc 

Initial 

Final 

Initial 

Final 

HI 

6 

53 

S.4 

3.9 

33 

23 

H2 

3 

78 

9.8 

5.2 

38 

19 

H3 

9 

109 

10.3 

S.l 

42 

42 

H4 

11 

312 

9.S 

3.S 

33 

26 

H5 

3 

So 

7.S 

3.4 

33 

17 

H6 

2 

122 

9.6 

4.1 

38 

20 


Eulfhydryl-deficient diet as the animals showed 
anorexia, loss of weight, marked loss of hair, 
anemia and generalized weakness. Of 2 1 rab- 
bits on the diet 9 died before the blood gluta- 
thione was lowered to 25 mg/100 cc. The 
effect of the diet on weight, hemoglobin and 
blood glutathione in the remaining 12 animals 
is shown in Table I. Only 5 of these rabbits 
(Dl, 2, 6, 7, 10) showed a lowering of blood 
glutathione to 22 mg or less in 4 to 8 weeks 
of diet and 1 (Dl2) in 12 weeks. The re- 
maining 6 were injected nith uric acid al- 
though the blood glutathione was still 27 to 38 
mg/100 cc after 9 to 16 weeks of the diet. 
Unless the blood glutathione dropped mark- 
edly in the first 4 to 8 weeks it seemed that 
it was unlikely to fall to 25 mg or less with 
a prolonged diet. 

At the suggestion of Griffiths^^ IS young 
rabbits weighing 0.5 to 1.0 kg were put on 
a modified diet containing one-half the pro- 
tein of the original diet but none of these sur- 
vived beyond 4 weeks. Six adult rabbits 
also failed to sundve beyond 4 weeks on this 
reduced protein diet. 

The effect of hemorrhage on the blood 
glutathione is shown in Table II. In 4 rabbits 
(HI, 2, 5, 6) there was a reduction to 23 
mg/100 cc or less with removal of 53 to 122 cc 
of blood in 2 to 6 days but 2 others {H3,4) 
were apparently better able to compensate 
for the blood loss. This compensation has 
been obsen-ed in patients with anemia.*- One 
of OUT rabbits showed no lowering of blood 
glutathione after 109 cc of blood were re- 

II Griffiths, JI., personal communication. 

i2Pick.ard, R. J., .and JXarsden, C. S., J. Lab. 
ond Ciin. Bfd., 1933, 19, 395. 


moved in 9 days and in another there was 
only moderate lowering after removal of 312 
cc in 11 days. 

Table III shows the effect of intraperi- 
toneal injections of uric acid into control 
rabbits and into those made sulfhy'dryl-defi- 
cient by diet or bleeding. In each group, 
including the controls, most of the animals 
had apparent hj^perglycemia for several hours 
after the uric add injection but by 24 hours 
the blood sugar w'as normal. Such initial 
hyperglycemia did not occur in those animals 
which failed to show an elevation of the blood 
uric acid. In 2 animals (D6, C2) a second 
injection of uric acid at a later date gave 
the usual increase in blood uric acid accom- 
panied by apparent hjTiergljxemia. By the 
Nelson sugar method which is less affected 
by a high hlood uric acid, the hj^perglycemia 
was less but in several cases quite definite. 

After the first 24 hours, when the blood 
uric acid was always negative, one of the 
rabbits on the deficient diet (D6) showed a 
marked transitorj-- hj-perglycemia reaching 
366 mg/100 cc 2 days after injection of uric 
add and one other (D4) a mild hypergly- 
cemia of 200 mg on the 5th day. In hem- 
orrhage group one rabbit (H4) showed a 
transient hj=perglycemia after uric acid reach- 
ing 21S mg on the 3rd day. None of the 
other animals had blood sugar values signifi- 
cantly higher than the control group injected 
with uric acid. 

Rabbit H6 which developed marked h 3 ^per- 
glycemia at 2 days was an animal which had 
failed to show uric acid in the blood after it 
had been injected intraperitoneally. WTien 
D6 was reinjected 8 weeks later the blood 
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X. r. . TABLE I. 

Effect of a Cystine and Methionine Deficient Diet on Weight, Hemoglobin, and Blood Gluta- 
thione in Babbits. 


Babbit 

No. 

Weeks of 
diet 

Wt,g 

Hemoglobin, 
g/100 ce 

Blood reduced 
glutathione, 
mg/100 cc 

Initial 

Pin.al 

Initial 

Pimal 

Initial 

Pinal 

D1 

8 

1759 

1050 

— 

5.0 

32 

20 

D2 

S 

1710 

1410 



5.0 


22 

(2)» 

6 

1700 

1110 

5.4 

4.7 

25 

21 

D3 

11 

1775 

1222 



5,1 

4G 

27 

D4 

Do 

7 

9 

1952 

1341 

1493 

1275 



6.2 

56 

46 

i7 

28 

JUt) 

6 

1767 

1360 



6.4 

44 

21 

(2)* 

7 

2180 

1280 

9.4 

7.1 

43 

17 

D7 

5 

1720 

3555 

9.3 

4.6 

50 

15 

D8 

10 

1975 

1250 

11.3 

3.8 

49 

29 

D9 

12 

2480 

1810 

10.0 

5.0 

44 

33 

DIO 

4 

3120 

2640 

S.S 

7.8 

44 

19 

Dll 

14 

3210 

1950 

11.1 

5.3 

48 

38 

D12 

12 

2980 

3015 

10.6 

7.9 

38 

19 

* After an interval of 1 to 2 weeks on usual rabbit .pcUct diet. 


ficient in cystine and methionine. Uric acid, 
in dosage of 1 gAg, was then injected intra- 
peritoneally and the blood sugar determined. 
He reports that a moderate hyperglycemia en- 
sued by the 2nd day after the injection and 
remained for 4-5 days. Thereafter normal 
blood sugar levels were regained. 

This paper describes at attempt to repeat 
Griffiths’ e.xperiments and also to determine 
if decreasing the blood glutathione by bleed- 
ing renders the animal sensitive to the pro- 
duction of hyperglycemia when given uric 
acid. 

Methods and Materials. Male albino rab- 
bits weighing 1.3 to 3.2 kg were used and 
were fasted for 16 to 18 hours before the 
injection of uric acid. 

Griffiths’ modification^ of a cystine and 
methionine deficient diet described by Haag 
and Wright^ was used and this was fed to 
each animal for 4 to 16 weeks to lower the 
blood glutathione. An attempt was made to 
secure blood glutathione levels under 25 
mg/100 cc before the injection of uric acid. 

In the hemorrhage experiments varying 
amounts of blood were removed by repeated 
cardiac punctures. Appro.ximately 30 cc 
were removed daily or almost daily and bleed- 
ing was continued until a lowhlood glutathi- 

1940, 1», 563. 


one was obtained in 5 rabbits. Uric acid was 
then injected. 

Control rabbits on the usual laboratory diet 
of Park and Pollard rabbit pellets were also 
injected with uric acid. 

Uric acid (Eastman Kodak or Coleman and 
Bell Co.) was administered intraperitoneally 
in dosage of 1 gAg in a suspension in 20 cc 
of water. Blood sugar and blood uric acid 
concentrations were determined before and at 
intervals after the uric acid injection. 

Blood reduced glutathione was determined 
by the Potter and Franke® modification of 
the Benedict and GottschalF method adapted 
to the Leitz photoelectric colorimeter. Blood 
uric acid was determined by the method of 
Folin.® Blood sugar was determined by the 
Folin and hlalmros® micromethod and in some 
cases, to decrease the reducing effect of the 
uric acid on the reagents, Nelson ’s^® blood 
sugar method was used. 

Results. It was found difficult to lower the 
blood glutathione in rabbits by feeding the 

6 Potter, V., anff Pranke, K., J. Kvtrition, 1935, 

9, 1. 

7 Benedict, S. E., and Gottscliali, G., J. Biol. 
Chem., 1933, 99, 729. 

S Folin, 0., 4'. Biol. Chem., 19S0, 8G, 179. 

3 Folin, 0., and Malmros, H. J., J. Biol. Chem., 
1929, 83, 115. 

to Nelson, N., TT. Biol. Chem., 1944, 13S, 375. 
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uric acid rose to 31 mg/100 cc but no hj-per- 
glycemta ensued after 24 hours. Rabbit D4 
with a mild hyperghxemia reaching 200 mg 
did show a blood uric acid ele%’ation to 20 
mg/100 cc after injection. 

In one rabbit with blood glutathione 
lowered to 25 mg/100 cc. neutralized sodium 
urate in 1.2% solution was injected intra- 
venously. Five injections of 0.4 mg,/kg each 
were given in 15 days. The blood sugar re- 
mained normal throughout. 

Discussion. The cystine and methionine 
deficient diet theoretically lowers the blood 
glutathione, a tripeptide containing glycine, 
glutamic acid and cysteine, by depriving the 
body of cj-stine. The rabbits in our e.vperi- 
ment did not tolerate this diet well and it 
was therefore difficult to secure rabbits with 
lowered blood glutathione for uric acid in- 
jection. 

N'o explanation is apparent why one animal 
showed marked hyperglycemia for 4 to 5 
days after uric acid while others which had 
blood glutathione values as low or lower 
failed to do so. Only 2 of the S rabbits with 
glutathione of 27 mg or less showed hyper- 
glycemia. 

We cannot explain why only a trace or no 
blood uric acid could be detected after its 
intraperitoneal injection in 7 instances 
whereas others attained blood uric acid levels 
up to 41 mg/100 cc at the same time inter\’als, 
nor can we explain the different response in 
the same animal with a second injection. 

A rough correlation existed in most cases 
between the apparent hyperglycemia observed 
in the first few hours after injection and the 
height of the blood uric add, which may be 
explained in part by- the fact that uric add 
reduces the ferricyanide blood sugar reagent. 
However there were several instances of ris- 
ing blood sugar with falling uric acid levels 
and also some high blood sugar values by' the 
Nelson method. 

Since all animals became quite anemic on 
the cystine and methionine deficient diet, and 
since almost all of the glutathione in normal 


blood is in the red cell, attempts were made 
to lower the glutathione by repeated bleedings. 
In the small group of animals nnth the blood 
glutathione lowered in this manner transient 
hyperglycemia was obserx-ed at 3 to 4 days 
in 1 of 4 rabbits. 

Although the results of these experiments 
were variable and in most cases negative it 
was thought worthwhile to report them in 
xnew of the current interest in glutathione 
in the prevention of diabetes and the possible 
role of uric acid or related compounds in the 
production of diabetes. 

In spite of the large proportion of negative 
results the marked hyperglycemia in one rab- 
bit and the moderate hyperghxemia in 2 
others given uric acid with a lowered blood 
glutathione suggest that further investigation 
of this subject may' be worthwhile. However 
the impression is gained that if uric acid under 
these conditions is diabetogenic, its action is 
very weak. 

Sinnmary. Attempts were made to confirm 
the report of Griffiths that transient diabetes 
follows the intraperitoneal injection of uric 
acid into rabbits in which the blood gluta- 
thione has been lowered by feeding a diet de- 
ficient in cystine and methionine. 

In our experiment 21 rabbits were fed the 
deficient diet. Twelve animals surxdving the 
dietary' restriction were injected xrith uric acid 
although only 6 had a blood glutathione be- 
low 23 mg/100 cc. One of these had a 
definite transient hypergly'cemia for 5 to 6 
day's after the uric acid injection. No blood 
sugar changes were seen in the other animals 
after 24 hours. One rabbit ■srith a blood 
glutathione of 27 mg '’100 cc showed a mod- 
erate transient hyperglycemia. 

MTien the blood glutathione was lowered by- 
bleeding instead of diet only one of 4 rabbits 
injected with uric acid showed a transient hy- 
perglycemia after 24 hours. 

It is concluded that if uric acid is diabeto- 
genic under these conditions its action is 
weak. 

Received July 5, 1949. P.S.E.B.JL. 1949, 71. 
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uric acid rose to 31 mg/ 100 cc but no hyper- 
gtycemia ensued after 24 hours. Rabbit D4 
with a mild hyperglycemia reaching 200 mg 
did show a blood uric acid elevation to 20 
mg/100 cc after injection. 

In one rabbit with blood glutathione 
lowered to 25 mg/100 cc, neutralized sodium 
urate in 1.2% solution was injected intra- 
venously. Five injections of 0.4 mg./kg each 
were given in 15 days. The blood sugar re- 
mained normal throughout. 

Discnssio)]. The cystine and methionine 
deficient diet theoretically lowers the blood 
glutathione, a tripeptide containing glycine, 
glutamic acid and cysteine, by depriving the 
body of cystine. The rabbits in our e.vperi- 
ment did not tolerate this diet well and it 
was therefore difficult to secure rabbits wnth 
lowered blood glutathione for uric acid in- 
jection. 

No explanation is apparent why one animal 
showed marked hyperglycemia for 4 to 5 
days after uric acid while others which had 
blood glutathione values as low or lower 
failed to do so. Only 2 of the 8 rabbits with 
glutathione of 27 mg or less showed hyper- 
ghxemia. 

We cannot explain why only a trace or no 
blood uric acid could be detected after its 
intraperitoneal injection in 7 instances 
whereas others attained blood uric acid levels 
up to 41 mg/100 cc at the same time intervals, 
nor can we explain the different response in 
the same animal with a second injection. 

rough correlation existed in most cases 
between the apparent hyperglycemia observed 
in the first few hours after injection and the 
height of the blood uric acid, which may be 
e.vplained in part by the fact that uric acid 
reduces the ferricyanide blood sugar reagent. 
However there were several instances of ris- 
ing blood sugar with falling uric acid levels 
and also some high blood sugar values by the 
Nelson method. 

Since all animals became quite anemic on 
the cystine and methionine deficient diet, and 
since almost all of the glutathione in normal 


blood is in the red cell, attempts rvere made 
to lower the glutathione by repeated bleedings. 
In the small group of animals unth the blood 
glutathione lowered in this manner transient 
hyperglycemia was observed at 3 to 4 day's 
in 1 of 4 rabbits. 

.Although the results of these experiments 
were variable and in most cases negative it 
was thought worthwhile to report them in 
view of the current interest in glutathione 
in the prevention of diabetes and the possible 
role of uric acid or related compounds in the 
production of diabetes. 

In spite of the large proportion of negative 
results the marked hyperglyxemia in one rab- 
bit and the moderate hyperglycemia in 2 
others given uric acid with a lowered blood 
glutathione suggest that further investigation 
of this subject may be worthwhile. However 
the impression is gained that if uric acid under 
these conditions is diabetogenic, its action is 
very' weak. 

Sutmiiary. .Attempts were made to confirm 
the report of Griffiths that transient diabetes 
follows the intraperitoneal injection of uric 
acid into rabbits in which the blood gluta- 
thione has been lowered by' feeding a diet de- 
ficient in cystine and methionine. 

In our experiment 21 rabbits were fed the 
deficient diet. Twelve animals surviving the 
dietary restriction were injected with uric acid 
although only 6 had a blood glutathione be- 
low 23 mg/100 cc. One of these had a 
definite transient hypergly'cemia for 5 to 6 
day's after the uric acid injection. No blood 
sugar changes were seen in the other animals 
after 24 hours. One rabbit with a blood 
glutathione of 27 mg/100 cc showed a mod- 
erate transient hy'pergly'cemia. 

When the blood glutathione was lowered by 
bleeding instead of diet only one of 4 rabbits 
injected with uric acid showed a transient hy'- 
perglycemia after 24 hours. 

It is concluded that if uric acid is diabeto- 
genic under these conditions its action is 
weak. 

Eecpivetl .Tuly 5, 1949. P.S.E.B.M., 1949, 71. 
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17263. Effect of Germination on Phytin Content and Phytase Activity of 
Some Common Indian Pulses. 

Sachchidananda Banerjee and Nirmalendu Nandi. 

From the Department of Physiology, Presidency College, Calcutta, India. 


Phosphorus present in foodstuffs as phytin 
is largely unavailable for nutrition. Studies 
have been made by several workers of the 
availability of phytin phosphorus. Krieger, 
Bunkfeldt and Steenbocy observed that when 
rats were fed a cereal ration of normal calcium 
content the utilization of phosphorus from 
phytin was markedl}’’ enhanced by the addi- 
tion of vitamin D. Boutwell, Geyer, Halver- 
son and Hart- studied the availability of 
wheat bran phosphorus, which contains about 
85% of phosphorus as phytin, in rats and 
observed that an adequate intake of vita- 
min D increased the utilization of phytin 
phosphorus as measured by bone ash. Pringle 
and hloran® and Widdowson^ reported that 
phytin in wheat meal or white flour is partly 
destroyed during the process of preparation 
of bread. Pulses are rich in phytin. The 
vitamin content of pulses is found to increase 
during the process of germination.®'® It was, 
therefore, considered desirable to investigate 
whether the ph 3 'tin content of pulses is 
diminished during germination. 

Methods. One gram of clean and dry seeds 
of pulses were placed in a washed and 
sterilized petri dish. The seeds in each dish 
were soaked daily with 1 cc of redistilled 
water for a period of S days. Phytin phos- 
phorus content of the seeds was estimated 
both before and during the course of germina- 
tion up to 5 days. Total phosphorus content 

1 Krieger, C. H., Bunkfeldt, E,, and Steenbocb, 
H., 3. Nutrition, 1940, 20, 7. 

2 Boutwell, E. K., Geyer, A. P., Halverson, 

A. W., and Hart, E. B., J. Nutrition, 1946, SI, 193. 

3 Pringle, W. J. S., and Moran, T., J. Soc. 
Chem. Indust., 1942, Cl, 108. 

^Widdowson, E. M., Nature, 1941, 148, 219. 

B Ahmad, B., Qureshi, A. A., Babhar, I., and 
Sawhney, P. C., Ann. Piochem. Fxp. Med., 1946, 

«. 29 . „ , 

« French, C. E., Berryman, G. H., Goorley, 

J. T., Harper, H. A., Harkness, D. M., and 
Thacker, E. J., 3- Nutrition, 1944, 28, 63. 


of the seeds was also estimated. 

Total phosphorus. The seeds were finely 
ground and digested in a Kjeldahl flask with 
10 cc of concentrated sulfuric acid and 1 cc 
of 60% perchloric acid for half an hour till 
the digestion was complete and the contents 
were diluted to a definite volume and the total 
phosphorus content was estimated by the 
method of Fiske and Subbaroiv.'^ 

Phytin phosphorus. 1 g of the material was 
extracted with 50 cc of N/2 hydrochloric acid 
in a glass stoppered bottle for 2 hours and 
filtered. The phytin present in the filtrate 
was precipitated as the insoluble iron salt. 
The insoluble salt was converted to soluble 
sodium salt which was digested with sulfuric 
acid and perchloric acid mixture and the in- 
organic phosphate thus obtained was esti- 
mated bj' the method of Fiske and Subbarow.’’ 

Phytase activity. 5 g of pulses, before or 
during the course of germination, were ground 
and extracted for 12 hours with 50 cc of 
water saturated with toluene. The extract 
w'as centrifuged. Inorganic phosphorus in a 
10 cc portion of the centrifugate, representing 
1 g of the pulse, was estimated and to an- 
other 10 cc of the extract was added acetate 
buffer of pH 5.2 and a substrate containing 

TABLE I. 

Mg of Pkytin Piiospborus Present in 100 g of 
Pulses. 


Days of germination 


Pulses 

0 

1 

2 

3 

4 

5 

Fhaseolus 

mnngo 

15? 

156 

101 

96 

95 

95 

Phaseolus 

radiatus 

158 

138 

117 

110 

109 

109 

Ciccr 

arictinum 

138 

125 

117 

97 

SO 

80 

Bolichos 

labial) 

138 

127 

114 

104 

105 

105' 


7 Fiske, C. H., and Subbarow, T., 3. Biol. Chem.,. 
1925, 66, 375. 
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TABLE II 

7 of Pliospliorus Liberated from tbe Substrate 
Containing 10 mg of Pliospliorus in the Form of 
Sodium Pliytate by the Phytase Present in 1 g of 
the Pulse Either Before or After Germination. 




Days of germination 


Pulsc.s 

' 0 

1 

2 

3 

4 

5 

Phnscolnfi 

mtinffo 

39 

40 

06 

82 

91 

91 

Phaseohi.^ 

radifiiuj; 

167 

179 

200 

200 

208 

20S 

Ciccr 

arictiiuim 

39 

•13 

47 

50 

50 

50 

Boiichos 

lablab 

172 

1S6 

191 

192 

191 

192 


10 mg of phosphorus as sodium salt of phj'tin. 
The mixture -was incubated at 35 °C for 6 
hours. The phosphorus liberated from phytin 
tvas estimated by the method of Fiske and 
Subbarow.' 

Residts. The total phosphorus content in 
mg per 100 g of phaseolus viuttgo, phaseolus 
radktus, ctcer arietiiium and dolichos lablab 
tvas respectively 375, 302, 219 and 247. 
Phytin phosphorus values and phytase activi- 
ties of the pulses are given in Tables I and II. 

Discussion. Phytin phosphorus values of all 
the 4 varieties of pulses studied were found 
to decrease gradually during the process of 


germination and the ma.ximum lowering of the 
value occurred either on the third or on the 
fourth day of germination. The phjdase 
activity of the pulses was found to increase 
during the course of germination and when 
the phytin content was minimum the phytase 
activity was maximum. This suggests that the 
enzyme phytase which is formed during the 
process of germination acts upon the phytin 
phosphorus and partly destroys it. It has 
been observed by French et al.^ that 48 hours 
after germination of peas there is a considera- 
ble increase in the inositol value of the pulse, 
Phytin being the calcium or magnesium salt 
of inositol hexaphosphoric acid, the increased 
inositol value of the pulse after germination 
might be due to the breaking down of phytin 
by the enzyme phytase. The germinated 
pulse is therefore nutritionally superior to the 
ungerminated one. 

Summary. Phytin content and phytase ac- 
tivity of 4 pulses have been estimated both 
before and for varjing periods after germina- 
tion. Phytin content gradually diminished 
along with the increase in the phytase activity 
of the germinating pulse which was maximum 
either on the third or on the fourth day of 
germination. 

BecciTctl June 21, IStS, B.S.E.E.M., 1919, 71. 


17266. Creatinine, Potassium, and Virus Content of the Muscles Following 
Infection with the “Coxsackie Virus.”* 

Rebecca Giffoeo akd Gilbert Daledoef. 


From Bttn'sion of Laioratorics and liescarch, J 

A number of specimens of feces from chil- 
dren exhibiting symptoms of poliomyelitis 
have yielded viruses that produce degenera- 
tion of the skeletal muscles of suckling mice 
and hamsters.*'- The anatomic response in 
man is not known but the clinical records of 

* This URcnt is being called “Coxsackie Virus” 
since tiie first recognized human cases were resi- 
dents o£ that Kew York Tillage. 

1 Dalldorf. Gilbert, and .Sickles, G. M., Science, 
1P4S, 108, Gl. 


CIO Torh .Slate Department of Eealth, Alhanp. 

patients from whose feces virus was isolated 
suggest that muscle weakness or paralysis is 
common and sometimes persists for months. 
WTiile considering means of testing patients 
for muscle degeneration, it occurred to us 
that creatine losses probably accompany the 
destruction of the striated muscle cells and, 


2 Dalldorf, Gilbert, Sickles, G. 31., Plager, Hilde- 
gard, and Gifford, Eebecca, J. Dxp. 3fcd., 1949, 
SO, 5G7. 
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Phosphorus present in foodstuffs as phytin 
is largety unavailable for nutrition. Studies 
have been made by several v'orkers of the 
availability of phytin phosphorus. Krieger, 
Bunkfeldt and Steenbock^ observed that when 
rats were fed a cereal ration of normal calcium 
content the utilization of phosphorus from 
phytin was markedly enhanced by the addi- 
tion of vitamin D. Boutwell, Geyer, Halver- 
son and Hart- studied the availability of 
wheat bran phosphorus, which contains about 
85^0 of phosphorus as phytin, in rats and 
observed that an adequate intake of vita- 
min D increased the utilization of phytin 
phosphorus as measured by bone ash. Pringle 
and Moran® and Widdowson'* reported that 
phytin in wheat meal or white flour is partly 
destroyed during the process of preparation 
of bread. Pulses are rich in phytin. The 
vitamin content of pulses is found to increase 
during the process of germination.®'^’ It was, 
therefore, considered desirable to investigate 
whether the phytin content of pulses is 
diminished during germination. 

Methods. One gram of clean and dry seeds 
of pulses were placed in a washed and 
sterilized petri dish. The seeds in each dish 
were soaked daily with 1 cc of redistilled 
water for a period of 5 days. Phytin phos- 
phorus content of the seeds was estimated 
both before and during the course of germina- 
tion up to S days. Total phosphorus content 

1 Krieger, C. H., Birnkfeldt, R., and Steenboefc, 
H., J. Futriiion, 1940, 20, 7. 

2 Boutwell, E. K., Geyer, A. P., Halverson, 

A. W., and Hart, E. E., J. Nutrition, 1946, 31, 193. 

3 Pringle, W. J. S., and Moran, T., J. Soc. 
Chem. Induct., 1942, 61, 108. 

itViddowson, E. M., Nature, 1941, 148, 219. 

B Ahmad, B., Qureshi, A. A., Babbar, I., and 
Sawhney, P. C., Ann. Biochem. Exp. Med., 1946, 

29. „ , 

6 French, C. E., Berryman, G. H., Goorley, 

J. T., Harper, H. A., Harhness, B. M., and 
Thacker, E. J., J. Nutrition, 1944, 28, 63. 


of the seeds was also estimated. 

Total phosphorus. The seeds were finely 
ground and digested in a Kjeldahl flask with 
10 cc of concentrated sulfuric acid and 1 cc 
of 60% perchloric acid for half an hour till 
the digestion was complete and the contents 
were diluted to a definite volume and the total 
phosphorus content was estimated by the 
method of Fiske and Subbarow.’’ 

Phytin phosphorus. 1 g of the material was 
extracted ndth 50 cc of N/2 hydrochloric acid 
in a glass stoppered bottle for 2 hours and 
filtered. The phytin present in the filtrate 
was precipitated as the insoluble iron salt. 
The insoluble salt was converted to soluble 
sodium salt which was digested with sulfuric 
acid and perchloric acid mixture and the in- 
organic phosphate thus obtained was esti- 
mated by the method of Fiske and Subbaiow.^ 
Phytase activity. 5 g of pulses, before or 
during the course of germination, were ground 
and e.xtracted for 12 hours with 50 cc of 
water saturated with toluene. The extract 
was centrifuged. Inorganic phosphorus in a 
10 cc portion of the centrifugate, representing 
1 g of the pulse, was estimated and to an- 
other 10 cc of the extract was added acetate 
buffer of pH 5.2 and a substrate containing 

TABLE I. 

Mg of Phytin Pliosphorus Present in 100 g of 
Pulses. 


Days of germination 


Pulses 

'o 

1 

2 

3 

4 

5 ' 

Pltaseoltts 

mnnffo 

156 

156 

101 

96 

95 

95 

Phascolus 

radiaius 

158 

138 

117 

110 

109 

109 

Cxcer 

arieti'nv.rd 

138 

125 

117 

97 

80 

80 

Volichos 

138 

127 

114 

104 

105 

105- 


vpiske, 0. H., and Subbaro-w, Y., J. Biol. Chem.,. 
1925, 66, 375. 
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TABLE II 

7 of Pliospliorus Liberated from the Substrate 
Containing 10 mg of Pliospliorus in the Form of 
Sodium Phytate by the Phytase Present in 1 g of 
the Pulse" Either Before or After Germination. 




Bays of germination 


Pulses 

' 0 

1 2 

3 

4 

5 

Phnscohis 

mnnfjo 

39 

46 66 

82 

91 

91 

Phaseolus 

radiatus 

167 

179 200 

206 

208 

208 

Cicer 

ariciinum 

39 

43 47 

50 

50 

50 

Dolichos 

labial 

172 

186 191 

192 

191 

192 


10 mg of phosphorus as sodium salt of phytin. 
The mixture was incubated at 35°C for 6 
hours. The phosphorus liberated from phj'tin 
was estimated by the method of Fishe and 
Subbarow.'^ 

Results. The total phosphorus content in 
mg per 100 g of pltaseolus mtingo, phaseolus 
radiatus, cicer arietimm and dolichos lablab 
was respectively 375, 302, 219 and 247. 
Phytin phosphorus values and phytase activi- 
ties of the pulses are given in Tables I and II. 

Discussion. Phytin phosphorus values of all 
the 4 varieties of pulses studied were found 
to decrease gradually during the process of 


germination and the maximum lowering of the 
value occurred either on the third or on the 
fourth day of germination. The phytase 
activity of the pulses was found to increase 
during the course of germination and when 
the phi'tin content was minimum the phytase 
activity was maximum. This suggests that the 
enzyme phytase which is formed during the 
process of germination acts upon the phytin 
phosphorus and partly^ destroys it. It has 
been observed by French et al.^ that 48 hours 
after germination of peas there is a considera- 
ble increase in the inositol value of the pulse. 
Phytin being the calcium or magnesium salt 
of inositol hexaphosphoric acid, the increased 
inositol value of the pulse after germination 
might be due to the breaking down of phytin 
by the enzyme phrlase. The germinated 
pulse is therefore nutritionally superior to the 
ungerminated one. 

Summary. Phytin content and phytase ac- 
tivit}- of 4 pulses have been estimated both 
before and for varying periods after germina- 
tion. Phytin content gradually diminished 
along with the increase in the phytase acthdty 
of the germinating pulse which was maximum 
either on the third or on the fourth day of 
germination. 

Received June 21, 1949. P.S.E.B.IT., 1949, 71. 


17266. Creatinine, Potassium, and Virus Content of the Muscles Following 
Infection with the “Coxsackie Virus.”*' 


Rebecca Gieeord and Gieeerx Daeedore. 

From Division of Lahoraiories and Jlesearch, New Fort: State Department of TlcaXtli, Alianp. 


A number of specimens of feces from chil- 
dren exhibiting symptoms of poliomyelitis 
have yielded viruses that produce degenera- 
tion of the skeletal muscles of suckling mice 
and hamsters.^’- The anatomic response in 
man is not known but the clinical records of 

This agent is being c.alled “Coxsackie Virus” 
since the first recognized }iuni.an cases were resi- 
dents of that Kew York village. 

iD.alldorf, Gilbert, and Sickles, G. M., Science, 
194S, 108, 61. 


patients from whose feces virus was isolated 
suggest that muscle weakness or paralysis is 
common and sometimes persists for months. 
MTiile considering means of testing patients 
for muscle degeneration, it occurred to us 
that creatine losses probably accompany the 
destruction of the striated muscle cells and, 


= Dalldorf, Gilbert, Sickles, G. M., Plager, Hilde- 
gard, and Gifford, Rebecca, J. Fxp. iled., 1949, 
80, 567. 
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TABLE I. 

Concentration of Total Crentininc in Urine of Xomal and Infected Suckling Mice. 


Group 

Age 

(days) 



Total creatinine 



Normal animals 


Infected animals 


No. in 
group 

mg/ml 

/ 

No. in 
group 

Days 

£ol!owi))g 

inoculation 

Paralysis 

mg/ml 

1 

-0 

22 

0.45 

22 

1 

— 

0.3 


7 

20 

0.50 

24 

o 

-f 

1.5 


s 

20 

0.50 

IS 

3 

-f 4" 

2.7 


9 

10 

0.60 

3 

4 

*1 — 1 — i"i- 

2.0 

2 

6 

00 

0.30 

23 

1 



0.33 


7 

22 

0.25 

23 

n 

. — 

1.01 


"Vj 

on 

0.47 

22 

SVe 

4* 

3.00 


S 

19 

0.40 

21 

3 

d — h 

3.00 


sy. 

18 

0.25 

14 

3V> 

-b-h-f 

2.72 


9 

IT 

0.2G 

8 

4 


2.38 

3 

7 

1C 

0.22 

IS 

1 

— 

0.81 


2% 

IG 

0.29 

17 

1% 

— 

1.05 


8 

IG 

0.05 

18 

f) 

-b 

1.92 


8 Vi 

16 

0.45 

18 

2Vi 

_j — |- 

3.50 


9 

16 

0.30 

18 

3 

-b-b-b 

3.50 


further, that, since the muscle weakness in 
some patients was migratory and transient, 
serum potassium concentration should be test- 
ed. It has been impossible to secure suitable 
serum specimens from immature mice but the 
potassium and total creatinine values of the 
muscles have been determined, as well as 
urinary creatinine. The present report of 
these results includes, in addition, certain ob- 
servations on the infectivity of the muscles. 

Methods. The muscle samples for chemical 
analyses taken from immature mice at various 
times following intraperitoneal injection of 
brain suspensions of the T. T. strain, were 
placed in tared and sealed containers and 
weighed within 2 hours. The urine samples 
were obtained by lightly pressing on the lower 
abdomen noth a wooden applicator. Since 
suckling mice do not urinate without external 
stimulus, small urine specimens were readily 
procured. In order to avoid possible dif- 
ferences between litters, the mice were first 
pooled and redistributed at random® before 
inoculation. 

Potassium was determined by the phospao- 
tungstate method of Van Slyke and Rieben. 


Thompson, W. B., Boon Brr., 19 ^ 7 , J 1,115. 
Van Slyke, U. D., and Hiehen, W. K., J. Bwl. 
7)1., 19«, 156, 743. 


The samples for muscle creatinine determi- 
nations were prepared according to the direc- 
tions of Rose, Helmer, and Chanutin,^ and 
creatinine was determined by the colorimetric 
method of Folin and Wu.® 

Excised muscle fragments were initially 
used for infectivity tests. Subsequentlj’’, prep- 
arations consisting of pools of the extremities, 
including bone and fascia, were used. 

Potassium and Creatinine Determinations. 
Potassium determinations were made of 
samples of muscle from 24 normal and 23 
paralyzed suckling mice. The mean for the 
first group was 2.96 ± 0.16 mg per g of 
tissue, and that of the experimental group 
was 2.08 ± 0.28 mg per g. The number fol- 
lowing the ± sign is the mean deviation. The 
greater value for the e.xperimental group may 
be due to the uneven distribution of the 
muscle lesions. A striking feature of this 
experience was that all but one of the po- 
tassium values of the paralj^zed animals were 
less than the least value of the controls. 

Creatinine determinations were made of 
8 samples of each of the above groups. The 
O. JxTand Ch.inuti)), 
Alfred, J- Cliem., 1927, 75, 343. 
e Folin, Otto, and Wu, Hsicn, J. Hiot. Chem., 

1919, 38, SI. 
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TABLE II. 


Infcctivity of Pools of Legs and of Brains of Paralyzed Mice. 


Source of virus 

Test animals 



Dilutions of virus 




10-1 

10-2 

10-3 

10-1 

lO-T 

10-c 

10-7 

10-s 

10-9 

Suckling mice legs 

Suckling mice 4-5 days 




S/S 

8/8 

8/8 

7/S 

0/7 

1/7 

1 i } i 

Weanling mice 7-8 g 

9/9 

8/10 

3/10 

1/10 






ft ft ft 

” ” 8-10 g 

0/10 

0/10 

0/10 

0/10 






fi if ft 

Mice 10-12 g 

0/.5 









ft ft ft 

” 14 g 

0/5 









Suckling mice brains 

Suckling mice 4-5 days 

8/8 

8/S 

4/8 

0/7 

0/7 





ft ff If 

Weanling mice 7-8 g 

1/10 

1/10 

1/10 

0/10 

1/10 





■Weanling mice legs 

Suckling mice 7 days 




7/7 

8/ 8 

7/7 

4/8 



ft ft ff 

Weanling mice 7-8 g 

7/7 

4/7 

2/7 

2/7 






"Weanling mice brains 

Suckling mice 7 days 

7/7 

S/8 

2/7 

0/7 






ft ff ff 

Weanling mice 7-S g 

0/7 

0/7 

0/7 

0/7 







Note: No. of mice paralyzed or dcad/Xo. of mice inoculated. 


mean concentration of total creatine in the 
control group ^Yas 1.95 dr 0.15 mg per g and 
for the experimental group, 0.96 ±: 0.23 mg 
per g. 

The concentration of total creatinine (cre- 
atine plus creatinine) in the urine of various 
normal and infected suckling mice is shown 
in Table I. The mean for the normal animals 
Was 0.35 mg per ml, while the concentration 
in diseased animals was frequently ten times 
as great. Increased excretion of creatinine oc- 
curred in two instances before the onset of 
sj’mptoms. It should be noted that the 
samples from the sick mice were smaller. 
This is thought to have been due to the 
Smaller size of the affected animals, since a 
comparison of their urinary pigments did not 
indicate that their urine was more concen- 
trated. Stunting is characteristic of suckling 
mice infected with the virus. MTiether this 
is a result of intrinsic changes or inferior 
nursing we do not know. 

Injectivity oj mnsclc. The muscles of 
paralyzed mice are more infectious than the 
tissues of the central nervous system. Suspen- 
sions prepared from pooled legs are roughly 
ten thousand times as infectious for suckling 
mice as those prepared from brains (Tablell). 
When 10- to 12-g mice are inoculated with 
brain suspensions the organs contain little 
or no virus and while an occasional focus of 
muscle degeneration may sometimes be found, 
the mice exhibit no recognizable signs of in- 
fection. On the other hand, 10- to 12-g mice 
inoculated with muscle suspensions are some- 


times paralyzed and weanling mice (7 to 8 
g) are usually paralyzed. These observations 
prompted us to attempt to adapt the virus 
to 10- to 12-g mice by alternate passage”'^® 
through suckling mice. Si.x alternate pas- 
sages have shown no increase in infectivity 
and the brains and muscles of the older mice 
remain less infectious than those of suckling 
animals. Serial passages in older mice have 
also failed. 

The greater infectivity of muscle suspen- 
sions provided effective antisera from recov- 
ered hamsters and a rhesus monkey. The 
monkey showed no signs of infection following 
intramuscular inoculation but developed 
humoral antibodies after a series of intraperi- 
toneal injections. Paralysis and muscle lesions 
were induced in one of 6 new-born guinea pigs 
inoculated intraperitoneally with 0.5 ml of a 
10% suspension of hamster legs. The para- 
lyzed extremity was infective for suckling 
mice, while the brain was not. 

Virus has been found in the feces of 7- to 
8-g mice on the day of paralysis but not in 
the feces of 18-day-old hamsters that had 
been paralyzed for 2 days. 

Limited tests with a few of the strains of 

"Bnkpr, J. A., Amcr. J. Vet. Hex., I94G, 7. 179. 

SBakor, .T. A., Pp.oc. Soc. Exp. Biol, .".kd Med., 
1946, «3, 1S3. 

9Koproivski, Ilil.Try, Aamos, T. B., .and Co-x, 
II. R.. Pp.oc. Soc. Exp. Biol, axd Med., 1946, 6S 
ITS. 

J0De.aii, D. .1., ami Dalldorf. Gilbert, J. F.xp. 
.Vcd., 1948, 88, 64."). 
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virus that affect both central nervous system 
and muscle have shown that suspensions of 
legs are either less virulent or about as virulent 
as suspiensions of brains. This conforms with 
the signs of infection, with the histologic find- 
ings, and with' the degree of creatinuria as- 
sociated with the two types of disease. 

Discussion. Whether or not these observa- 
tions have application in clinical medicine is 
unknown. Creatinuria follows paralytic polio- 
myelitis’^"'® but has been assumed to be a 
sequel of neurone destruction. Since there is 
some evidence that muscle degeneration may 
occur in the initial stages of the disease,'^ 
the subject sliould be re-e.vamined. Hassin 
described a case of poliomy'elitis of the Lan- 
dry tyqie in which the lesions were restricted to 
the muscles.’® Clawson is reported to have 
found no muscle lesions in a series of 22 
cases of acute poliomyelitis’® but Dr. Kornel 
Terplan, Buffalo General Hospital Laboratory, 

n Gros! W., Z. f. mi. Med., 1933, 126, 152. 
lingers, E. .T., J. Sioh Ciicm., 1P34, 103, Ivi. 
fSci. Proc.J. 

inw.ing, Erling, .-(cfa Jted. Scniid., 1939, supp. 
105, p. 1. 

14 Carey, B, J., Jtassopust, L. C., Zeit, W., and 
Hauslialter, E., J. Ncuropntli. aud Exp. E'CHrol., 
1944, 8, 121. 

t'l Hassin, G. B., J. XcKropntli. and Exp. Keu- 
rol., 1943, 2, 203. 


provided us with histologic preparations from 
a case of fatal bulbar poliomyelitis in which 
extensive muscle lesions similar to those which 
occur in suckling mice were seen. 

The infectivity of the muscles is consistent 
with the morphologic changes and reaffirms 
the peripheral nature of the paralysis in the 
mice. It is interesting that the higher titer 
of the muscle preparations makes it possible 
to induce parah'sis in mice of an age-group 
that is resistant to infection with brain suspen- 
sion. While these findings modify, they also 
confirm the original observation of the re- 
markable natural immunity of mice and ham- 
sters followdng weaning. This is further sup- 
ported by failure to adapt the T.T. strain to 
weaned mice by alternate passage through 
susceptible animals. 

Summary. Infection of unweaned mice with 
certain strains of “Coxsackie virus” is 
followed by loss of muscle potassium and 
creatinine and by creatinuria. 

The muscles of paralyzed mice are highly 
infectious. 

E. T., The Progressive Pathologj" of 
Poliomyelitis. In: Poliomyelitis. Papers .and Dis- 
cussions presented at the First International Polio- 
myelitis Conference. J. E. Lippincott, Philadel- 
phin, 1949, p. 135. 

Keceived July T, 1949. P.S.E.B.if., 1049, 71. 


17267. The Role of Complement in the Lysis of Leucocytes by Tuberculo- 
protein.* 

Joseph IM. h'liLLER,^ John H. Vaughan,! and Cutting B. Favour. 
(Introduced by J. H. Mueller.) 

From the Medical Clinies, Peter Sent Brigham Eospitat, and the Department of Medicine, 

Harvard Medical School. 


The nature of the mechanism underlying 
delayed or tuberculin-type hypersensitivity 
has long interested students of immunology. 
Whereas many tvorkers have attempted to 
demonstrate an antibody in tuberculin allergy 

* AVork done under a U.S.P.H..S. Grant. 

t Post-doctorate Eescareh Fellow, r.S.P.H.S. 

} St.anley W- Tausend Fellow in Medicine. 


wffiich w'as similar in properties and mode of 
action to antibodies known to be responsible 
for anaphjdactic or Arthus tjqie of hyper- 
sensitivity, the preponderance of such studies 
has led to the assumption that cells, rather 
than serum antibodies, were the mediators of 
tuberculin hj'psts®’’®’i’'’ity. Holsl^ first noted 

' iHoistTP- >!■> TMhercl?, 1922, 3, 337. 
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decreased phagocytic activity and loss of 
differentiation between the nucleus and cyto- 
plasm when tuberculin was added to leuco- 
cytes derived from tuberculous animals but 
no deviation from normal when horse serum 
was added to leucocytes from guinea pigs sen- 
sitized to horse serum. Similarly Stewart et 
al? observed that tuberculin killed leucocytes 
derived from the tuberculous guinea pig while 
the leucocytes of a guinea pig sensitized to 
crystalline egg white were not affected by the 
addition of that specific antigen.® These and 
other studies^'® have distinguidied this cj'to- 
toxic role of antigen on cells of tuberculin- 
tjpe allergic animals from the harmless re- 
sponse of cells to antigen in the anaphylactic 
forms of hypersensitivity. In the latter in- 
stance, serum antibody is felt to be the crucial 
factor in the hjTiersensitivity manifestations. 
The failure to transfer passively tuberculin 
sensitivity by means of the serum of a sensi- 
tized animal and the successful transfer of 
such sensitivity with cells of the tuberculous 
guinea pig by Chase’^® and others' have 
given further support to the concept that cells, 
rather than serum antibody, w'ere the prime 
mediators of tuberculin type hypersensitivity. 

The studies of Favour," using a one-hour 
period of in vitro obserx’ation, have provided 

- Stew.irt, P. W., Long, P. H., and Bradley, 
J. L. Am. J. Path., 192G, 2. 47. 

SLong, P. H., and Stewart. P. W., Am. J. Path., 
1926, 2, 91. 

■< Rich, A. R., and Lewis, M. R., Proc. Soc. Exp. 
Biol. .\xd Med., 1927-2S, 23, 59G, 

r- Meyer. K., and Loewenthal, H., Z. f. Immjtni- 
tdtsforsch a. exp. Thrrap., 1927, 54, 420. 

ORich, A. R., .and Lewis. M. B., Bull. Johns 
Bophins Bosp., 1932, 50, 115. 

~ Aronson, .1. D., J. Immunol., 1933, 25, 1. 

s Moon, J. K., and Swift, H. F., J. Exp. iled., 
1936, 04. 339. 

!> Heilman. D. H., Feldman, W. H., and Mann, 
P. C.. Am. Pcv. Tub., 1944, 50, 334. 

Chase, M., Proc. Sor. Exp. Biol, axd Med., 
1945, .59, 134. 

u Cummings. M. M., Hoyt, M., and Gottshall, 
R. Y'., Public Bcnlth Pep., 1947, 62, 994. 

Kirchheiraer, W. F., ,ind Weiscr, E. S., Proc. 
Soc. Exp. Biol, .ixd Med.. 1947, CC, 16G. 

LiStavitsky. A. B., Proc. Soc. Exp. Biol, axp 
Med., 1D4S, 67, 225. 


a simpler method of determining the cyto- 
to.xicity of tuberculin and subsequent investi- 
gation in this laboratory has aimed at eluci- 
dating the mechanism of tuberculin allergy by 
this in vitro technic. Earlier work'" with 
white cells of tuberculous humans indicated 
that tuberculin was specifically toxic to these 
cells. It wms further assumed that comple- 
ment was essential for such cytolysis since 
no tuberculin cytolysis was observed if the 
diluting serum was heated at 56°C for 30 
minutes. 

A more recent report from this laboratory,'® 
however, has showm that it is unnecessary to 
use “sensitized tuberculous cells”l> to demon- 
strate short term tuberculin cytoh^sis. In vitro 
l3'sis of leucocytes by tuberculo-protein has 
been found to be dependent on the presence of 
tuberculous plasma (or serum). Further 
studies" now make it apparent that the 
active component of tuberculous plasma is ’a 
heat labile globulin. This finding of an anti- 
body-like factor in tuberculous plasma (or 
serum) which is responsible for the cyto- 
toxic action of tuberculin on tuberculous as 
well as on normal leucocytesli prompted a 
reinvestigation of the role of complement in 
this reaction. Because of the heat lability of 
the plasma factor, it rvas necessary to resort 
to other methods of removing complement 
completely from tuberculous plasma (or 
serum). 

Experimental. As in previous experi- 
ments,*®'"^ white blood cells from a normal, 
healthy tuberculin-negative subject were 
separated, washed 3 times in saline and used 
as the target cell for determining tuberculin 

14 Favour, C. B., Proc. Soo. Exp. Biol, and 
Med., 1947, 65, 2G9. 

15 Freniont-Smitli, P., and Favour, C. B., Pr.oc. 
Soc. Exp. Biol, and Med., 194S. 67, 502. 

i« Miller, J. M., F.avour, C. B,, Wilson, B. A., 
and L'nibarger, M. A., Pr.oc. Sor. Exp. Biol, axd 
Med.. 1949. 70, 73S. 

? White cells from a patient having active tuber- 
culosis, 

17 Miller, J. M., Favour, C. B., Wilson, B. A,, 
and Cmbargor, M. A.. Proc. Soc. Exp. Biol, and 
ilED., 1949, 71, 2S7. 

1. Cells from a normal, healtby, tuberculin-nega- 
tive subject. 
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virus that affect both central nervous system 
and muscle have shown that suspensions of 
legs are either less virulent or about as virulent 
as suspensions of brains. This conforms with 
the signs of infection, with the histologic find- 
ings, and with' the degree of creatinuria as- 
sociated with the two tj’pes of disease. 

Discussioit. Whether or not these observa- 
tions have application in clinical medicine is 
unknown. Creatinuria follou-s paralytic polio- 
myelitis”'^^ but has been assumed to be a 
sequel of neurone destruction. Since there is 
some evidence that muscle degeneration may, 
occur in the initial stages of the disease, 
the subject should be re-e.\-amined. Hassin 
described a case of poliomyelitis of the Lan- 
dr}' tjqie in which the lesions were restricted to 
the muscles.^-' Clawson is reported to have 
found no muscle lesions in a series of 22 
cases of acute poliomyelitis^® but Dr. Kornel 
Terplan, Buffalo General Hospital Laboratory, 

iiGros, W., Z. f. l-m. 1933, 120, 152. 

isM.igers, E. ,T., <7. SioU CJiem., 1!)34, 105, tri. 
^Sci. Prnc.). 

istV.'ing, Erling, Acta lied. Scaiul., 1939, supp. 
105, p. 1. 

!■< Cnrey, E. 3., Massopiist, L. C., Zeit, W., and 
Hauslialter, E., J. Kciiropath. and Exp. Ecurol., 
3944, 3, 121. 

Hassin, G. B., .7. Xeuropath. oiui Exp. Xcu- 
r<il, 1943, 2, 293. 


provided us with histologic preparations from 
a case of fatal bulbar poliomyelitis in which 
extensive muscle lesions similar to those which 
occur in suckling mice were seen. 

The infectivity of the muscles is consistent 
with the morphologic changes and reaffirms 
the peripheral nature of the paralysis in the 
mice. It is interesting that the higher liter 
of the muscle preparations makes it possible 
to induce paralysis in mice of an age-group 
that is resistant to infection with brain suspen- 
sion. While these findings modify, they also 
confirm the original observation of the re- 
markable natural immunity of mice and ham- 
sters following weaning. This is further sup- 
ported by failure to adapt the T.T. strain to 
weaned mice by alternate passage through 
susceptible animals. 

Summary. Infection of unweaned mice with 
certain strains of “Coxsackie virus” is 
followed by loss of muscle potassium and 
creatinine and by creatinuria. 

The muscles of paralyzed mice are highly 
infectious. 

JO Bell, E. T., The Progressive Pathology of 
Poliomyelitis. In: Poliomyelitis. Papers and Dis- 
cussions presented at the First International Polio- 
myelitis Conference. J. B. Lippincott, Philadel- 
phia, 1949, p. 13S. 
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The nature of the mechanism underlying 
delayed or tuberculin-tjqje hypersensitivity 
has long interested students of immunology. 
Whereas many workers have attempted to 
demonstrate an antibody in tuberculin allergy 

■* IVork done under a U..S.P.H.S, Gr.ant. 
t Post-doctorate Research Fellow, U.S.P.H.S. 
t Stanley IV. Tausend Fellow in Medicine. 


which u-as similar in properties and mode of 
action to antibodies known to be responsible 
for anaphylactic or Arthus type of hyper- 
sensitivity, the preponderance of such studies 
has led to the assumption that cells, rather 
than serum antibodies, were the mediators of 
taberevUn hy^jersensitivity. Holst^ first noted 


1 Holst, P. M., Tubercle, 1922, 3 , SST. 
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cytolysis, thus leaving the tuberculin an- 
tigen, the tuberculous plasma factor and com- 
plement as the 3 vital determinants of event- 
ual cell breakdown. Plasma (or serum) was 
obtained from patients hospitalized for active 
pulmonary tuberculosis whose plasma had 
previously been shown to contain the active 
plasma factor. Plasma from normal, healthy 
tuberculin-negative donors was used as a 
control. In order to remove complement 
completel}^ from this plasma without inacti- 
vating the heat-labile plasma factor essential 
for cell lysis, two separate antigen-antibody 
systems were used. In the first instance, 
pneumococcal type III polysaccharide and 
antipneumococcal type III rabbit antiserum 
(previously found to produce a precipitate 
with antigen diluted 1:2,000.000)1^ were add- 
ed to tuberculous plasma and normal plasma 
in such dilution as to give a precipitate in the 
zone of equivalence for this antigen-antibody 
system and thus fix complement. This mix- 
ture was incubated at 37 °C in a water bath 
for 2 hours and then in the ice box at 10°C 
for 2 days. As a second complement-fixing 
antigen-antibody system, crystalline bovine 
albumin and anti-bovine albumin rabbit 
serum (previously found to produce a pre- 
cipitate Avith antigen diluted 1:800,000)1' ivas 
similarly added to tuberculous and normal 
plasma so as to yield precipitate in the zone 
of equivalence for that system. Complement 
titers were determined on the untreated tu- 
berculous and normal plasma as well as on 
such plasma to which had been added the 
pneumococcal polysaccharide and bovine al- 
bumin systems in order to confirm the com- 
plete absence of complement from the latter 
tivo systems. 

In estimating the amount of complement 
activity present in individual untreated sera, 
a modification of the method proposed by 
Mayer ct al?^ ivas employed. Using 0.5 ml 
amounts of 4% sheep cell suspensions, sensi- 
tized with four units of high titer ambocep- 
tor, as the indicator system, the amount of 

<5 Kindly supplied by of f’o 

p.nrtment of Bacteriology, Harv.-ird Medical .Scliool. 

IS M.oyer, Jt. Jf., Eaton, B. B., and Keidelber- 
ger, M., J. Iminwwh, 194(5, n.*?, .11. 


serum necessary to produce 50% hemolysis 
w-as determined. The final titer was calcu- 
lated from the equation 

D 

C = — X 2.5 

V 

where C =: the number of 50% hemolytic 
units of complement present per ml of un- 
diluted serum, D = the reciprocal of the dilu- 
tion of serum used, V = the volume of this 
dilution necessary for 50%. hemolysis, and 
2.5 is a factor used in this laboratory to make 
the. results referable to those of our determi- 
nations which use a system employing only 
0.2 ml of sensitized sheep cells. By this 
method normal human sera usually have com- 
plement titers in the vicinity of 300 units per 
ml. Plasma may show slightly lower values 
because of the anticoagulant used. All dilu- 
tions were made with a v'Cronal buffered saline 
containing optimal quantities of calcium and 
magnesium ions.’® 

In those sera from which complement had 
been removed, a titration procedure designed • 
to detect complement sufficient to produce 
50% hemolysis was obviously not applicable. 

It was necessary to detect minimal hemolysis. 
•Accordingly, to 0.2 ml suspensions of sensi- 
tized sheep cells w’ere added the test sera in 
dilutions just sufficient to abolish non-specific 
hemolysis and/or anticomplementary factors. 
The final volume ivas 0.8 ml. .After incuba- 
tion for 40 minutes at 37°C the cells were 
centrifuged and the supernatant e.xamined for 
evidence of hemolysis. In no instance, with 
either of the complement-fixing antigen-anti- 
body sy'stems used, ivas there any demonstra- 
ble complement activity remaining in the 
tuberculous or normal sera. 

In order to demonstrate that the cytolysis 
promoting capacity of such plasma could be 
restored by the readdition of complement, 
freshly draira type .AB serum from a tuber- 
culin-negative subject was titered for comple- 
ment and added to the “decomplemented” 
plasma in separate tubes. -As the tuberculin 
antigen in all experiments. Old Tuberculin, 

19 M.iyor, M. M., Ostcr, A. G., Hcbielbergef, 

M, .r. A'-rti. 1946, B4, 535. 
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cj’tolysis, thus leaving the tuberculin an- 
tigen, the tuberculous plasma factor and com- 
plement as the 3 vital determinants of event- 
ual cell breakdown. Plasma {or serum) was 
obtained from patients hospitalized for active 
pulmonary tuberculosis whose plasma- had 
previously been shown to contain the active 
plasma factor. Plasma from normal, healthy 
tuberculin-negative donors was used as a 
control. In order to remove complement 
completely from this plasma without inacti- 
vating the heat-labile plasma factor essential 
for cell lysis, two separate antigen-antibody 
systems were used. In the first instance, 
pneumococcal type III pol 3 ^saccharide and 
antipneumococcal type III rabbit antiserum 
(previously found to produce a precipitate 
with antigen diluted 1:2,000,000)1! were add- 
ed to tuberculous plasma and normal plasma 
in such dilution as to give a precipitate in the 
zone of equivalence for this antigen-antibody 
system and thus fix complement. This mix- 
ture was incubated at 37°C in a water bath 
for 2 hours and then in the ice box at lO'C 
for 2 daj's. As a second complement-fixing 
antigen-antibody system, crystalline bovine 
albumin and anti-bovine albumin rabbit 
serum (previously found to produce a pre- 
cipitate with antigen diluted 1:800,000)11 was 
similarlj' added to tuberculous and normal 
plasma so as to rdeld precipitate in the zone 
of equivalence for that system. Complement 
titers were determined on the untreated tu- 
berculous and normal plasma as well as on 
such plasma to ivhich had been added the 
pneumococcal polysaccharide and bovine al- 
bumin si'stems in order to confirm the com- 
plete absence of complement from the latter 
two systems. 

In estimating the amount of complement 
activity present in individual untreated sera, 
a modification of the method proposed by 
hlayer ct was employed. Using 0.5 ml 
amounts of 4% sheep cell suspensions, sensi- 
tized with four units of high titer ambocep- 
tor, as the indicator system, the amount of 

supplied b.v M. It. Knpl.uu of the Dc- 
p.irtuH-nf of BaeterioJogy, H.-n v.-.rd Medic.ul Scl.ool. 

IS Maver, M. M-, Eaton. B. B., niul HeideJber- 
ger, M., J. 1946, 53, 33. 


serum necessary to produce 50% hemolysis 
was determined. The final titer was calcu- 
lated from the equation 
D 

C ~ ■ — .X 2.5 
V 

where C = the number of 50% hemolytic 
units of complement present per m! of un- 
diluted serum, D = the reciprocal of the dilu- 
tion of serum used, V = the volume of this 
dilution necessary for 50%. hemolj'sis, and 
2.5 is a factor used in this laboratory to make 
the results referable to those of our determi- 
nations which use a system employing onlj' 
0.2 ml of sensitized sheep cells. By this 
method norma! human sera usually have com- 
plement titers in the vicinity of 300 units per 
ml. Plasma may show slightly loiver values 
because of the anticoagulant used. All dilu- 
tions were made with a veronal buffered saline 
containing optimal quantities of calcium and 
magnesium ions.’® 

In those sera from which complement had 
been removed, a titration procedure designed' ' 
to detect complement sufficient to produce 
50% hemolysis was obvioush^ not applicable. 

It was necessary to detect minimal hemolj’sis. 
.“Accordingly, to 0.2 ml suspensions of sensi- 
tized sheep cells were added the test sera in 
dilutions just sufficient to abolish non-specific 
hemolysis and/or anticomplementary factors. 
The final volume was 0.8 ml. After incuba- 
tion for 40 minutes at 37'’C the cells were 
centrifuged and the supernatant examined for 
evidence of hemolysis. In no instance, with 
either of the complement-fixing antigen-anti- 
body sj’stems used, was there any demonstra- 
ble complement activity remaining in the 
tuberculous or normal sera. 

In order to demonstrate that the cytolysis 
promoting capacity of such plasma could be 
restored by the readdition of complement, 
freshly dravTi t 3 q)e AB serum from a tuber- 
culin-negative subject was titered for comple- 
ment and added to the “decomplemented” 
plasma in separate tubes. As the tuberculin 
antigen in all experiments. Old Tuberculin, 

19 M.iyer, M. M., Oster, A. CL, .viul Heideibcrgcf, 

M J, 3046, 84, 535. 
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of in vitro tuberculin hj^iersensitivity has 
been further elucidated. 
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17268. Alloxan Subdiabetes in Rabbits Detected by Modification of Glucose 
Tolerance by Adrenal Cortex Extract. 

Howard D. Zucker. (Introduced by Louis Leiter.) 

From the Medical Division, Moniefiore Hospital, Xew Tori: City. 


The subdiabetic state may be defined as a 
phase of pancreatic diabetes characterized by 
subtle metabolic disorders; these disorders, 
in contrast to overt diabetes, are unaccom- 
panied by hj^perglycemia or glycosuria, and, 
in contrast to latent diabetes, are not ac- 
companied by impaired glucose tolerance as 
determined by conventional methods. The 
e.\-istence of such a state, which might or 
might not be a prediabetic state, has been 
suspected by many students of human diabetes 
mellitus. 

Although latent diabetes has been demon- 
strated in various animals,^'® subdiabetes and 
prediabetes have only been demonstrated by 
retrospective analysis of the records of mothers 
of overweight babies^ and of the records of 
partially pancreatectomized animals.®-® The 
present studies were undertaken in an attempt 
to produce e.xperimental subdiabetes, and, by 
exploiting the adrenal cortex-insulin antag- 
onism," to devise a method for its detection. 
Methods and Materials. ^longrel and white 

1 Shipley. E. G., and Eanncfeld, A. X., Endoc- 
rinology, 1945, 37, 313. 

2 Marinetti, R., and Andreani, G., Boll, dc Soc. 
Hal. di Biol. Spcr., 1940, 22, 800. 

3 Iloussay, B. A., Brignone, R. F., Cardoza, 
A. F., and Sara, J., l!cv. Soc. Argent, dc Biol., 
1940, 22, 241. 

^ Miller, II. C., Xcw England J. Med., 1945, 
txas. 370. 

sUeRobertis, E., Bcv. .Soc. Argent, dc Biol., 
1945, 21, 273. 

Bell, E. T., Experimental Diabetes Mellitus, 
SpringGeld, 1948. 

7 Cori, C., The Harvey Lecture Series, 1945-0, 
Lanca.stor, Pa., 1940. 


rabbits weighing 2. 5-3. 6 kg were used. Their 
diet consisted of oats, hay, carrots, cabbage, 
lettuce, and water ad lib. The animals were 
starved for 18-20 hours prior to each e.xperi- 
mental procedure, including the alloxan in- 
jections. Sugar was determined on ear vein 
blood by the method of Hagedorn and Jen- 
sen;® no anticoagulant was used, and the pre- 
cipitated samples were all permitted to stand, 
without fluoride, until the end of the third 
hour, when the determinations were made. 
Urinary sugar was not followed. 

Glucose tolerance was tested bj'^ the intra- 
venous injection, during about one minute, 
of 3 g of glucose in 50% solution, regardless 
of weight; this was followed by 2-3 cc of 
physiologic saline. Fasting, 1, 2, and 3 hour 
blood samples were drawn. The effect of 
adrenal. cortical hormones on the glucose tol- 
erance was studied by injecting aqueous 
adrenal cortex extract (Upjohn) intramus- 
cularly, J /2 cc/100 g body weight, one half 
hour before the glucose injection; the entire 
procedure will be called the A. C. Tolerance 
Test. It should be noted that the fasting 
blood sugar specimens in all A. C. tolerance 
tests were draiiTi one half hour after the 
injection of adrenal cortex extract (A.C.). 

One daj' or more after the completion of 
preliminary tolerance tests, alloxan monohy- 
drate (Eastman) was rapidly injected into 
the ear veins of fasted rabbits in 2.5% solu- 
tion; further tolerance tests were performed, 
and subsequent doses of allo.xan given, if indi- 

Hawk, P. B., Oser, B. L., and Summerson, 
AV. H., Practical Pbysiological Cliemistry, 12th cd., 
Pbiladolphi.a, Pa., 1947. 
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prepared as described earlier,-® was used; 
From previous experiments, it was found best 
to use cells and plasma from homologous 
blood groups. 

The methods of preparing and washing 
white cell concentrates, diluting these cells in 
the various plasma (or sera) and cell count- 
ing to estimate cytolysis were the same as de- 
scribed previously 

Results. The results of a typical experi- 
ment are recorded in Table I. In this instance, 
complement was removed by means of the 
crystalline bovine albumin system but iden- 
tical findings were observed with the pneumo- 
coccal polysaccharide antigen-antibody sys- 
tem. 

1. As reported earlier,^® a portion of 
thoroughly washed white blood cells from a 
healthy, tuberculin negative subject under- 
goes significant cytolysis when incubated for 
one hour at 37°C with freshly draw tubercu- 
lous plasma and tuberculin antigen. No such 
cytolysis occurs if the plasma of a tuberculous 
patient is replaced by the plasma of a tuber- 
culin-negative subject. 

2. Removal of all complement from tubercu- 
lous plasma by means of an unrelated comple- 
ment-fixing antigen-antibody system results 
in the loss of the ability of such plasma to af- 
fect cytolysis of white blood cells. The suc- 
cessful removal of all complement by this 
technic has been confirmed by the sheep 
cell hemob^sis method described above. It 
can be noted that 0.6 ml of “decomplemented” 
plasma was used instead of the 0.3 ml used for 
fresh plasma. This was done since the com- 
plement fixing procedure resulted in a 1:2 
dilution of the original plasma. 

3. The addition to the system of active 
complement in the form of freshly drawn t 3 pe 
AB tuberculin-negative serum restored com- 
pletely the capacity of “decomplemented" 
tuberculous plasma to cause white cell de- 
struction in the presence of Old Tuberculin. 

4. Plasma from a tuberculin negative sub- 
ject continued to have no effect on white blood 

20 Favour, C. B., Peoc. Soo. Exp. Biol, xs'k 
Med., 1949, 70, 369. 

21 Favour, C. B., Fremont-Smitli, P., .md Milier, 

J. M., Am. Ilev. Tub., 1949, 60, 219. 


cells even after the addition of fresh comple- 
ment. 

5. The addition of further complement of 
known titer to this system in the form of 
freshly drawn AB serum from a tuberculin- 
negative donor does not further enhance the 
tuberculin cytolysis of this system. It may 
be assumed, therefore, that the tuberculous 
plasma already has adequate amounts of com- 
plement. 

Discussion. The present report further 
elucidates the mechanism of the in vitro cyto- 
lysis of human white blood cells by tuberculo- 
protein. Contrary to the original hypothesis 
in this laboratory that tuberculin cytolysis 
was a direct toxic effect of tuberculin on the 
tuberculous “sensitized” cell, a more recent re- 
port^® has shown that even normal white cells 
of a tuberculin negative donor can be lysed 
by tuberculin provided a factor in tuberculous 
plasma is also present. Various properties^' 
of this factor suggest that it is a globulin. 
This work further characterizes such in vitro 
cytolysis as a manifestation of an antigen- 
antibodj'- inter-action. It now appears evi- 
dent that complement too is an essential com- 
ponent of this system. 

The question of most significance in these 
studies is whether or not such in vitro short 
term tuberculin cytolysis, dependent as it is 
on antigen, antibody and complement, may 
be taken to be a valid analogue of in vivo 
cutaneous tuberculin hypersensitivity. If this 
be so, then the dependence of the antigen- 
antibody reaction upon complement has sig- 
nificance in indicating the role of the lytic 
action of this substance in this tjqie of hyper- 
sensitivity. The successful passive transfer 
of tuberculin hypersensitivity in guinea pigs 
by Chase, using living cells, allows the 
possibility that the hypersensitivity developed 
in the recipient animal may be due primarily 
to elaboration by the cells of antibody^ which is 
identical in properties to the plasma factor 
demonstrated in this laboratory. 

Summary. The essential role of comple- 
ment in the in vitro cytoly'sis of human white 
blood cells by tuberculin has been demon- 
strated, using two different sy^stems of com- 
plement removal. In this wa.v, the mechanism 
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HOURS 
Tig. 1. 

Glucose tolerance curves before and after alloxan. 

• • Initial glucose tolerances 

O - - - O Pre-alloxan A.C. tolerances 
^ • A Post-alloxan glucose tolerances 

A A Post-alloxan A.C. tolerances 

□ — □ Final glucose tolerances 
Each point represents a mean blood sugar value 
as described in text. 

erance tests the earliest figures were used. The 
control values for Rabbit 2 were not used 
because of the difference in method (see 
Table I), and none of the values for Rabbit 
8 were used because of its spontaneous dia- 
betes. 

Two hours after the injection of glucose 
the mean blood sugar of the post-allosan A.C. 
tolerance tests is 158.8 mg%, this is signifi- 
cantly higher than any of the other blood 
sugar means at that hour (p < 0.01 for all 
the differences except that between the pre- 
and post-alloxan A. C. tolerance means, where 
p = 0.05). .\t three hours the post-alloxan 
A.C. tolerance mean is 37.2 mg % higher than 
that of the prost-alloxan glucose tolerances; 
this difference is of moderate significance 
(P < 0.05). No other p values of 0.05 or 
less were found. Glucose tolerance curves for 
the five experimental situations have been 


plotted in Fig. 1, using the same blood sugar 
means as in the statistical treatment. 

Of the 6 rabbits which received alloxan, 4 
were retested after a month or more, while 
one animal (No. 3) died 48 hours after a 
third dose of alloxan of 25 mgAi another 
(No. 7) died on 5/5 following a month of 
jmlydipsia and marked pol 3 Tiria. Data on 
the retested animals is presented in Table II. 
.Animal No. 4 subsequent^ died (4/26) fol- 
loning about 8 weeks of poh'dipsia and polj'- 
uria; it had not been retested since 1/13. 
Rabbit 5, which developed a diabetic ordin- 
ary glucose tolerance, was found to have hind 
limb paraNsis shortlj' after its last test. Diar- 
rhea supervened and the animal died im- 
mediateN following the intraperitoneal injec- 
tion of 60 cc of phv’siologic saline on the fifth 
daj' after this last tolerance test. .At autopsy 
the bladder was found to be distended bj- 
about 100 cc of slightly turbid, albumin-free 
urine containing 179 mg% of sugar. The 
abdominal aorta exhibited two 0.5 cm long 
fusiform swellings; the intima in these areas 
was rough, friable, and pearh^ with loss of 
elasticity of the wall. The other organs ap- 
peared grossl}' normal. Histologic sections of 
the aorta showed medial sclerosis and calcifi- 
cation u-ithout significant intimal involvement. 
The aortas of Rabbits 4 and 7 appeared 
grossh' normal. 

Discussion. Intravenous Glucose Tolerance. 
In order to stabilize test conditions the rabbits 
were fasted® after a period of adequate carbo- 
hydrate feeding.^® .A uniform intravenous 
dose of 3 g of glucose (0.9- 1.2 gAg) was 
selected for the experiments in order to cir- 
cumvent variabilitj' both in the time and in 
the degree of absorption of the sugar. Others 
have found intravenous tolerance methods 
satisfactory in normal rabbits, and 
modification of moderate glucose dosage in 

9 Scott, E. L., Arch. Int. Med., 1929. -13. 393. 

19 Martin, E., H.OTvortli, W. X.. and Fantus. B., 
Dextrose Therapy in Everyday Practice, Xcw 
Tork, 1931. 

11 Orr-Eiving, J., J. Physiol., 1931, 73, 3G5. 

v^Bang, I., Der Blutzuckcr, Wieshaden, 1913. 

13 Oelkers, H. .A., and Schutze, G., Klin. 
STchnschr., 1938, 17, 871. 
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TABIjE I. 


Animal Alloxan, 

and n't Date mg/kg Date 


Glucose tolerance. 
Blood glucose level 
in mg/100 cc 

f — \ 

0 12 3 


Adrenal cortex- 
glucose tolerance. 
Blood glucose level 
in mg/100 cc 
Hour 


Date 


No. 1 

2.9 kg 


Noiio 

9/9 

99 

177 

101 

93 

9/23 

139 

138 

115 

106 

No. 2 



8/26*' 

111 

276 

188 

— 






2.9 kg 

S/30 

23 









215 

206 

10/22 

29.3 

10/28 

101 

110 

97 

95 

11/4 

77 

159 



11/11 

97 

111 

106 

97 






No. 3 



9/23 

108 

104 

125 

97 





127 

3.0 kg 

9/24 

oO 

9/28 

113 

— 

102 

117 

9/30 

92 

166 

141 

No. 4 



10/7 

86 

199 

139 

146 






2.6 kg 

10/8 

10/15 

24.2 

h 

10/26 

122 

120 

110 

99 

10/28 

104 

177 

139 

124 

Xo. 5 



10/7 

104 

154 

124 

115 

10/14 

72 

173 

120 

104 

2.5 kg 

10/15 

10/28 

in 

38 

11/11 

84 

208 

117 

79 

11/15 

75 

213 

159 

104f 



11/18 

113 

179 

120 

88t 






No. 6 

3.G kg 

12/7 

41 

11/18 

12/16 

106 

102 

154 

127 

99 

101 

136 

93 

11/25 

12/19 

90 

119 

238 

177 

102 

145 

106 

117 


12/23 

102 

111 

95 

90 






No. 7 



11/25 

95 

146 

101 

Go 

12/2 

— 

184 

148 

131 

3.0 kg 

12/7 

12/17 

2o 

20 

12/30 

101 

150 

102 

99 

1/4 

113 

132 

154 

127 



1/18 

05 

150 

102 

119 






No. 8 

2.9 kg 


None 

9/28 

97 

170 

186 

132 

9/30 

127 

241 

226 

204 


* 7,4 g of lUyo glucose iiijccieu 

t Blood specimens drawn 15 minutes after the indicated hour. 


cated. The initial and subsequent alloxan 
doses listed in Table I are approximate since 
in some instances there were small or moderate 
amounts of leakage at the hub of the needle, 
or of subcutaneous infiltration. 

Autopsy was performed on rabbit No.^ 5 
within IS minutes of its death, and on rabbits 
Nos. 4 and 7 after approximately 8 hours. 
Pancreas, aorta and kidneys were studied, 
fixed in formalin, and stained by conventional 
histologic methods. 

Results. Eight rabbits were studied, ot 
-n-hich 6 received alloxan on one or two oc- 
casions. Blood sugar observations on the^ 
animals before and after alloxan treatment, 
I- I. The daf in Tab e 

? wJe treated statistically. Five means were 
Llputed for each hoar of the glocose loler- 


ance tests, using the following series; (I) 
The initial glucose tolerance tests; (2) the 
initial A.C. tolerance tests; (3) the glu- 
cose tolerance tests following the first ef- 
fective dose of allo.xan; (4) the A.C. toler- 
ance tests immediately following the pre- 
ceding group; and (S) the ordinary glucose 
tolerance tests following shortly after the 
fourth group. Calculations of the standard 
errors of the differences between each of these 
S blood sugar means ivere made for each hour 
(0 1,2, and 3) with the usual equation for 
small series, and p was determined, in each 
instance, from Fisher’s t table. Where two 
successive tolerance tests of the same type 
were performed the later figures were used in 
computing the means, and only these figures 
appear in Table I; for the initial glucose tol- 
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paired carbohydrate inetabolism not demon- 
strated by usual methods. As would be e.x- 
pected, a rabbit with diabetic glucose tolerance 
(No. 8) showed further impairment of its 
tolerance when pretreated ■noth A.C. 

Alloxan Siibdiabetes. In these experiments 
one or two small doses of alloxan have pro- 
duced a subdiabetic state in rabbits: namely 
disturbances in sugar metabolism which are 
so slight that they are not associated with 
either hj-perglycemia or abnormal glucose 
tolerance. These slight physiologic distur- 
bances have been demonstrated, in everj- in- 
stance, by the use of the A. C. tolerance test. 
This state is not discussed in the experimental 
literature, but it was probably produced by 
Shipley and Rannefeld.^ These observers 
noted progressive and persistent impairment 
of glucose tolerance in rats injected with 
repeated 25 mg/kg doses of alloxan. In four 
of their rats, which had normal fasting 
blood sugars at the end of their alloxan 
courses, anterior pituitarj' extract produced 
a transient fasting hj-perglycemia. 

Three reports concerned with pancreatic 
islets suggest the presence of subdiabetes. 
These changes were reported in nondiabetic 
alloxan treated rats,-- in 95% pancreatecto- 
mized rats prior to the onset of either latent 
or manifest diabetes,^ and in one nondiabetic 
rabbit which received two 50 mgAg doses of 
alloxan.-^ In each report the histologic find- 
ings were similar, namel}' hj-pertrophy and 
h\-perplasia of the p cells in the larger islets, 
succeeded by /3 cell degranulation and degen- 
eration, as few as 1 5 of the islets could be 

-- Huglies, H., and Hughes, G. E., JJril. J. Exp. 
Path., 1944, 25, 12G. 

-3 Dunn, J. S., Duffv, E., Gilmour, M. K., Kirk- 
p.itrick, ,T., and JfeLetcIiie, X. G. B., J. Physiol., 
1944, 103, 2.'?3. 


involved. It seems not unlikely that com- 
parable changes occurred in the present ex- 
periments. 

The course of subdiabetes in these rabbits 
remains under observation. Progression has 
been obseix'ed in one animal, and maintenance 
of the subdiabetes for as long as 15 weeks has 
been the rule in the others. It would not be 
surprising if remission ultimately occurred in 
some animals, since spontaneous remission of 
manifest alloxan diabetes has been report- 
ed24.23 Xone of the morbid anatomical 
changes seen in human diabetes roellitus were 
found in the three animals thus far autopsied. 

Summary and conclusions. 1. Small doses of 
adrenal cortex extract (,\.C.) do not modifj' 
the glucose tolerance of fasted normal rab- 
bits. 

2. One or two small doses of allo.xan (less 
than 40 mgAg) do not produce more than 
transient changes in the blood sugar level or 
glucose tolerance of normal rabbits. 

3. Six rabbits, so treated, showed a signifi- 
cant impairment of glucose tolerance when 
pretreated with A.C. (.^.C. tolerance test); 
the hormone effect was transient. 

4. By definition the treated rabbits had al- 
loxan subdiabetes: they had impaired carbo- 
h 3 'drate metabolism unaccompanied b}' fast- 
ing h 3 'perglj’cemia, gl 3 'cosuria, or impaired 
ordinary glucose tolerance. 

5. -Alloxan subdiabetes persisted in the 
rabbits for the duration of the e.xperiment 
(up to 15 weeks). 

6. A hormone sensitized glucose tolerance 
test, such as the .A.C. tolerance test, should 
prove useful in studying problems in human 
subdiabetes and prediabetes. 

24 Duffy, E., J. Path, and Bad., 1945, 57, 199. 

25 Lukens, F. D. W.. Physiol. Per., 194S, 28, 304. 

Received July S, 1949. P.R.E.B.M.. 1949, 71. 
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TABLE II. 

Course of SaMiabetic Babbits. 


Anim.'il 

Date of last 
alloxan 

Test date 

Glucose tolerance 
test type 


Blood sugar level 
in ing/100 cc 

Hr 



1 

2 

~z' 

No. 2 

10/22 

1/6 

Ordinary 

84 

119 

104 

99 



11 

A.C. 

113 

122 

120 

111 

No. 4 

10/15 

11 

Ordinary 

SS 

13C 

115 

102 



13 

A.C. 

123 

221 

186 

184 

No. 5 

10/28 

0 

Ordinary 

— 

27G 

247 

211 

No. 0 

12/7 

13 

Ordinary 

88 

99 

92 

99 



IS 

A.C. 

90 

164 

129 

104 


proportion to body weight seems unneces- 
sary .'■* 

As expected’-’’'* the one hour blood sugar 
leuels, while high, showed wide variation. By 
2 hours, however, the means of the ordinarj,’ 
glucose tolerance tests had returned to the 
levels of the fasting means. Sole exception 
was the mean of the initial tolerance tests, 
where the 2 hour mean was slightly (15.2 
mg%), but not significantly, elevated. This 
variation is due principally to Rabbits 4 and 
8 which later exhibited normal glucose toler- 
ance curves; excitement may account for the 
form of their initial curves.’’' The return to 
normal by 2 hours agrees with the previous 
observations.-’”:’® 

At 3 hours the means of all of the ordinary 
glucose tolerance tests approximated the fast- 
ing means. In occasional rabbits there was 
a marked rebound from the 2 hour level, 
amounting to as much as 40 mg^. 

Modification oj Glucose Tolerance by A.C. 
The effects of adrenal corticoids’® and of pitui- 
tary' adrenocorticotrophic hormone^ (A.C. 
TH)”’’® on carbohydrate metabolism are 
well known. Adrenal cortex extract was 


A. W., Taylor, F. H. 
L., nud Peters, J. P., J- Clin. Invest-, 1941, 20, 

'’'’wHimsrvortl., H. P., -T. PliysioL, 1934, 81, 29. 

to Long C. N. H., in Dunenn, G. G., Diseases of 
Metabolism, Sad ed., PWladelphin Pa., 1947 
17 Ingle. D. L, Li, C. II., and Evans, H. M., 

Pnilovrinology, 1946, 89, 32. 

16 Conn, .1. tv.. Louis, L. H.. and Wheeler, C. E., 
.7. Lat). mil Clin. JM., 1948, 33- 6ol. 


chosen for the present experiments, rather 
than A.C.T.H, merely because it was im- 
mediately available. In selecting the dosage 
the aim was to use a quantity of hormone large 
enough to modify carbohydrate metabolism, 
yet small enough so that the glucose tolerance 
of a normal rabbit would be unaltered. The 
dose used, >4 cc/100 g body weight, is about 
15% of the amount of A. C. which produces 
hyperglycemia in rats.’® The preparation 
used ivas assayed by the manufacturer as con- 
taining “not less than 2.5 rat units/cc”. and 
presumably it contained not much more. From 
Kuizenga's data®® it may be calculated that 
the dosage of II-dehydro-I7-hydroxycorti- 
costerone was approximately 0.04 mg/100 
g body weight; this is about of the 

dose of corticoid which produces frank hyper- 
glycemia in normal rats.®’ 

The choice of dosage proved fortunate, since 
it did not modify the mean blood sugar levels 
of 4 rabbits subjected to A.C. tolerance tests 
prior to the administration of alloxan, while 
there was significant elevation of the mean 
2 hour blood sugar level of the 6 allo.van 
treated rabbits subjected to A.C. tolerance 
tests. Since these alloxan treated rabbits had 
normal ordinary glucose tolerances, the A.C. 
tolerance test was effective in disclosing im- 


wLong, G. N. H., K.ntzin, B., .ma Fry. E. G., 
nflocrhioloyy, 1940, 26, 309. . 

eoKuizeng.-i, M- IL, ™ D. J.. The Chcm.s- 

V and Physiology of Hormones, A.A.A.S. mono- 
•nph 21*1* 

21 Ingle. D. J., J^ndocrirwIoffiJ, 20, G49. 



Administration of Fluids at Regular Rates 


603 


TABLE 1. 

Typical Systems. 

Size of polythene tubing of delivery nnit 

Length of , ^ 

Size of Delivery reservoir Large Medium Small 

reservoir pressure, tubing, (needle No. 18) (needle No. 18) (needle No. 23) 
tubing mmHg cm Delivery rate, cc per min. 


Infusion 

155 

100 

20 

4.5 

.8 

.Aged 1 wk. 


50 

22 

11 

1.2 

Single %" 

16 

100 

5 

.8 

.1 

Aged 1 wk. 


50 

8 

2.1 

.2 

Single %" 

14 

100 

3.5 

.3 

.08 

Aged 1 wk. 


50 

5 

1 

.1 

Double %" 

27 

100 

7 

1.2 

, .15 

Aged 1 wk. 


50 

10 

2.1 

.3 

Double 1" 

49 

100 

11 

3 

.4 

Aged 1 wk. 


50 

18 

5 

.9 


"Infusion” ’’roducts, Inc., Cuyahoga Falls, Ohio. 

All other rut ■ • ' ’ tubing from Davol Rubber Co., Providence 2, R. I. 

They have rccen . ^ tvier IVz" tubing which has a delivery pressure of 41 

mm single thickness and 70 mm double thickness, tvith comparable intermediate delivery rates. 
Polythene tubing was supplied by Suprenant Electrical Insulation Company. 

Large — 0.30 cm inside diam., 0.4S outside diam. 

Medium~0.23 ” ” ” 0.38 ” ” 

Smalt — 0.11 ” ” ” 0.24 ” ” 


filled for delivery. The latex container is 
gradually distended tvith fluid, as the vacuum 
is created in the glass container, until it com- 
pletely fills the bottle. The connection lead- 
ing to the latex bag is then clamped off, and 
the apparatus is ready for delivery. 

Delivery. A delivery unit of a suitable 
length and size of polythene tubing is con- 
nected to the clamped off tube connected to 
the latex bag. The needle or cannula of the 
deliver)' unit is inserted into the blood vessel 
or space desired and the clamp removed. 

Delivery Rate. Reproducibility. The de- 
livery rate of most of the fluid (60 to SQ%) 
is linear, and for any given unit is constant 
within reasonable limits (±3%) on succes- 
sive runs with the same resistance and with 
the same solution being delivered. Similar 
apparatus made of similar materials will re- 
produce rates within b%. Ageing of the 
tubing in contact up to 2 weeks with the 
solution to be delivered produces no signifi- 
cant change in delivery rate with such inert 
solutions as physiological saline and low con- 
centrations of organic compounds of inter- 
mediate acidity and basicity. Treatment 
with depyrogenizing agents such as weak 


bases (bicarbonate, sodium nitrite, green 
soap) had no effect on the deliver)' rate over 
12 hours, but autoclaving drastically decreased 
the elasticity of the latex and affected the 
deliver)' rate. Sterilization for 12 hours with 
organic bactericides (Zephiran, Metaphen), 
however, had no noticeable effect. 

Applications. This type of delivery unit 
is adaptable to many uses within a wide range 
of delivery rates (Table I). The desired de- 
livery pressure may be roughly approximated 
by the selection of the type of tubing used 
in constructing the delivery unit. By using 
one latex container within another the arith- 
metic sum of their delivery pressures can be 
utilized. Delivery rate can be controlled 
most simply by increasing or decreasing the 
length of plastic tubing used for deliver)'. 
The rate may be slowed by increasing the vis- 
cosity of the solution, or by limiting the 
size of the air intake. If a relatively high 
viscosity fluid be admitted instead of air, 
the rate of delivery will be regulated by the 
rate of flow of the high viscosity fluid. To 
increase the rate of delivery, the pressure on 
the intake side may be increased by connec- 
ting two units in series. The latex containers 



602 


17269. A Self-Contained Method for the Administration of Fluids at 'Re^u- 
lar Rates. 

H. H. Zinsser and W. M. Parkins. (Introduced by I. S. Ravdin.) 

From the Sarrison Department of Surgical Sesearch, Schools of Medicine, Vniversity of 

Pennsylvania, Philadelphia, Pa. 


The continuous administration of fluids has 
been of considerable importance in the study 
of man}- phases of physiological phenomena. 

Certain critical limits to any system for 
such administration must be adhered to; (1) 
the rate of delivery must be linear over the 
range demanded by the experimental pro- 
cedure; (2) the system must be reasonably 
foolproof and simple to adjust; and (3) the 
system should be compact. 

For some experimental purposes a rate of 
flow, constant within 0.1% is necessary, and 
methods have been designed to meet such 
tolerances.^’" Such systems are susceptible to 
mechanical failure, entail considerable super- 
vision, and though modified®’'* to allow move- 
ment of the subject, necessitate a continuous 
■ connection between the subject and some sta- 
tionary structure, not always easy to main- 
' tain for long periods in the experimental 
animal. 

For purposes less rigorous in requirements 
of tolerance of rate of flow, a method has been 
devised with possibilities of adaptation to a 
multiplicity of experimental uses, allowing 
complete freedom of movement to the re- 
cipient of the fluid. 

Construction. A glass container of suitable 
volume is fitted with a 2 hole rubber stopper 
carrying 2 short lengths of glass tubing, one 
of which is flanged at the lower end. Over 
this flanged end which lies within the con- 
tainer, is fitted a short length of latex rubber 
tubing fastened securely with silk thread. 
The free end of this late.x tubing is also tied 

J Burn, X H., and Dale, H. H., J. Physiol., 1924, 
59, 164. 

sDehakey, M. B., Few Orleans If. and S. J., 
1934, 87, 386. 

s Jacobs, H. D. R., J. X/Oh. and Clin, ifcd., 1931, 
1<3, 901. 

4 Stengel, A., Jr., and Tars, H. JI., J. Lah. and 
Clin. Med., 1939, tU, 525. 



Big. 1. 

A typical delivery system sliovs the space rela- 
tionships and mode of construction. The com- 
ponent parts are described in the text. 

securely. To the second length of glass tub- 
ing is affixed a fine wire long enough to reach 
to the bottom of the glass container when the 
stoppter is affixed (Fig. 1). The wire pre- 
vents tight sealing of the inflated tube to the 
glass wall. 

Operation. Filling. Two short lengths of 
rubber tubing are attached to the outer ends 
of the glass tubing perforating the stopper, 
and the stopper is fitted tightly into the neck 
of the glass container. Vacuum is then ap- 
plied to the tube to which the wire has been 
attached, while the end of the tubing carrying 
the latex container is connected to a reservoir 
of fluid -with which the apparatus is to be 
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and easily managed method for cross trans- 
fusion. 

The device consists of 4 units. 1. Suitable 
double lumen intravenous plastic cannulae. 
2. A motor driven blood pump. 3. Bubble 
traps. 4. Metering and equalizing unit. 

1. The uitravciious catheter. Blood is 
withdrawn from and administered to the 
patient and donor through specially made 
intravenous catheters. These consist of ex- 
truded plastic double lumen tubes of an oval 
outer shape Avith an inside diameter of 2.5 mm 
for each conduit. The outside diameters of 
the catheters are 2.8 x 4 mm. The tip of 
the catheter is such as to provide for an 
outflow end protruding about 2" from the 
intake. The tip of the catheter is equipped 
with a thin finger-like projection which serves 
as a guide, the end of which terminates in a 
round, plastic-coated lead shot. The intake 
opening is fashioned with an overhanging lip 
which tends to prevent occlusion of the intake 
opening by the walls of the veins, by valves or 
by clots. The catheter is inserted into a vein 
and is pushed cardiad until the tip lies in the 
superior or inferior vena cava. The intake 
opening is upstream from the output opening 
and therefore no blood which is discharged 
through the output opening is aspirated 
through the intake opening when the rate of 
flow in the vein exceeds the rate of intake into 
the catheter. In our experience, this catheter 
has performed well. It carried an adequate 
volume of blood. Clotting is prevented by 
the intravenous injection of 1-2 mg heparin 
per pound of body weight and the catheter 
may be left m siUi, without excessive re- 
actions, for days at a time. 

2. The pump (Fig. 1) propels blood by 
applying negative pressure to the catheter 
intake channel and imparting a positive pres- 
sure to the withdrawn blood. A simple com- 
mercially available pure gum rubber tube (i) 
is laid in a receiving channel and is then 
raised to connect with the outside valves 
(2,4) and compression unit (3). The valves 
and compression unit are actuated by a motor 
driven shaft (5) which is ground to provide 
cams (6) and eccentrics (7) which operate 
the valves and the compression unit respec- 
tively. In this manner when the ‘‘intake” 



• Fig. 1. 
Blood pump. 


valve (2) is “down” the “outlet” valve (4) 
‘‘up"' and the compression bar (3) comes 
down, the tube will be compressed and blood 
will be forced forward. When the “outlet” 
valve is “down” the “intake” valve “up” 
and the compression bar is raised, blood is as- 
pirated into the tube. The tube is occluded 
only at the relatively short segments where it 
is compressed by the valves; the excursion of 
the compression unit is adjusted to compress 
the tube, but not to squeeze it. This precau- 
tion has eliminated hemolysis. The pump re- 
quires a minimum of attention, such as an 
occasional lubrication of the moving parts 
with glycerin. It is possible to change the 
stroke volume by using tubes of different sizes 
and by raising or lowering the receiving 
channel. The minute volume can also be 
controlled by adjusting the speed of the drive 
shaft and can be adjusted to between 10 and 
1000 cc per minute. 

The pump used here consists of 2 identical 
devices, mounted in opposite directions, of 
equal dimensions, and adjustment which pro- 
vide an excellent means of effecting cross 
transfusion of equal amounts of blood. Small 
gas bubbles may form occasionally in the 
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need not be similar in volume, expansion, or 
degree of elasticity. With solutions which 
react strongly with rubber, such a series sys- 
tem can be applied to deliver fluid at a given 
rate from an inelastic reservoir made of cello- 
phane or viscose tubing. 

Variations in pressure on the intake side of 
the apparatus can be made to regulate delivery 
to any given percentage by proper selection 
of the total pressure within the system. With 
thin walled tubing, variations of pressure up 
to 50% are in the physiological range. Thus, 
where the total delivery pressure is SO mm 
Hg, variation of 10.0 mm in the circulatory 
system would cause a change of 20% in the 
rate of delivery. If however, the delivery pres- 
sure is 1200 mm, the variation in rate due to 
this will be less than 1 %>. 

The apparatus is superior to gravity drip 


in several respects. It can be placed in a 
light canvas harness on an e.xperimental 
animal to deliver fluids over a long period 
during which the animal is at complete 
liberty. Delivery rates are variable over a 
range from 20 cc per minute to 0.08 cc per 
minute with only a minor change in the 
rubber stock used for the inside container. 

Summary. I. t^arious combinations of self- 
contained delivery units for the administra- 
tion of fluid at regular rates are described, and 
the limits of usefulness of these units are 
delineated. 

2. Combinations' of such units to permit the 
administration of various types of fluids, in- 
cluding those likely to destroy the elasticity 
of rubber, are described. 

Received July IS, 1949. P.S.E.B.Jt., 1949, 71. 


17270. Apparatus for Gross Transfusion. 

Peter Salisbury.* (Introduced by Harry Goldblatt.) 

Prom ihc Ivsiitnte for Medical liescarch, Cedars of icRniinii Hospilal. Los Angeles. Calif. 


Cross transfusion, the exchange of blood 
between a donor and a patient, which results 
in continuous mixing of the blood of two 
bodies, maj' be used in conditions such as 
uremia, resulting from acute renal insufficiency 
from a variet}^ of causes, and in the treatment 
of other non-transmissible diseases. 

The ideal requirements of a method for 
successful cross transfusion are: 1. E.xxhange 
of blood at a rate which may be varied from 
0.5 to 10 liters per hour. 2. No chemical 
changes or hemolysis occurring in the trans- 
mitted blood. 3. Accurate measurement of the 
transferred blood. 4. .A-utomatic equalization 
of the amounts of blood transferred in both 
directions. 5. The use of venous blood only, 
because donors and patients cannot be ex- 
pected to sacrifice arteries every time that 
this procedure is applied. 

In the past, cross transfusion has been 

Supported by 

a gr-xit fmm Mr. Emil Friedl.-mder. 


applied in a variety of ways, none of which 
has been completely satisfactory. The method 
of paired arterial-venous anastomosis does not 
permit measurement of the e.vchanged blood 
and is obviously unsuitable. The multiple 
syringe method and the bottle method are 
tedious, slow and prone to introduce air- 
borne infections. Pumps which operate on 
the “leaky valve” principle e.xhibit fluctuations 
in output which are proportional to the re- 
sistance encountered bj' the outflow. The 
worm pump (Pennell) and the roller pump 
(DeBakey) methods hemolyze at least 0.1% 
of the transferred blood and do not measure 
the transferred blood with sufficient accuracy. 
Although 0.1% of hemolysis is a tolerably 
small amount for ordinary direct transfusions 
of about SOO cc, yet, when quantities up to 
50,000 cc are involved, the amount of hemo- 
lysis caused by such pumps may prove injuri- 
ous. 

This report deals with a new device which 
satisfies the above criteria for a safe, efficient 
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flows into the measuring chambers. Blood 
from animal X is is now pumped into cham- 
ber B1 instead of Chamber Al, thereby ex- 
pelling into animal X the blood from animal 
Y which had been collected in chamber B2 
during the preceding cycle. The number of 
changes of the valve mechanism is recorded 
automatically on a meter and provides an 
easy and convenient way of determining 
mean blood flow and total amount exchanged. 
The volume of the chambers is SO cc each. 

This arrangement has the folloiving ad- 
vantages: It measures and equalizes the flow' 
of blood in both directions automatically. It 
provides for simultaneous withdrawal and 
administration of equal amounts of blood. 
The accuracy of the registration of blood flow 
is about ± 1-3 cc in 10,000 cc, depending 
upon the fit of the piston and on the pres- 


sure differential in the two circuits. The 
device has been found completely satisfactory 
in experiments involving the exchange of a 
total, to date, of 500,000 cc of blood in both 
animals and human beings. The amount of 
heparin needed to prevent coagulation is 
w'ithin the clinically acceptable limits. Hemo- 
lysis does not occur if the pump is properly 
adjusted. Cross transfusion itself has proved 
to be a safe, efficient and relativelj' easy pro- 
cedure, when performed with the apparatus 
described above. No fatalities attributable to 
the procedure itself have occurred. 

Summary. A safe, effective and easih' con- 
trolled apparatus for cross transfusion is de- 
scribed. 

Rpoeivcd .Tune 20, 1049. P.S.E.B.M., 1940, 71. 


17271. Vasomotor Reactions in the Mesenteric and Serosa! Capillary Bed 
During Fright and Violent Muscular Activity.*" 

Richard E. Lee! 

From Ocjpnrfflicnt of PUarmacolofty, College of jJfcdicinc, Syracuse Viuvcrsity, Syracuse, X. V. 


Recently, technics were devised for pain- 
less exposure, with local anesthesia, of the 
guinea pig mesentery and gut and its main- 
tenance in a warmed chamber where the 
capillary bed could be observed continuous!!' 
w'ith the microscope.' This permitted stud}' 
of peripheral vasomotor reactions, and vascu- 
lar responses to drugs without possible vari- 
ables introduced by general anesthesia. In 
addition, the fact that the animal studied w'as 
fully conscious afforded the opportunity' to 
witness the behavior of terminal arterioles 
and capillaries in this splanchnic area during 

* This study was supported in part by .a grant 
in aid from the Nutrition Foundation to Syracuse 
Fniversity College of Medicine. 

t Present address: Department of Medicine, 
C-nrnell I'niversity Medical College, New Tork 
Hospital, New York. 

> Dee, Richard E., and Lee, Nina Z., .4 m. J. 
Plqi.vinl, 1947, 140, 4fi5. 


various emotional states and spontaneous mus- 
cular activity'. 

Methods. Studies were made on 20 animals 
receiving a normal well supplemented diet, 
and on 21 animals in moderately ad%'anced 
Vitamin C deficiency' after 3-4 weeks on a 
standard scorbutogenic diet. The apparatus 
and diet have been described previously'.' 
In brief, it includes holding a trained animal 
under light restraint, with cautious painless 
exposure of the mesentery and gut via a 
denerv'ated or procaine field block in the flank. 
The preparation is maintained in a suitable 
warm chamber and continuously bathed with 
a drip solution of warmed buffered Ringer- 
gelatin solution, while being observed under 
the microscope. 

Results. A. Animals receiving a “normal” 
diet. The changes found in the capillary bed 
of this splanchnic region in the control animals 
could be divided into 2 major categories. The 
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Diagram of blood flow in the cross transfusion apparatus. 



blood because of the negative pressure exerted 
by the pump when it is withdrawing blood 
from the vein. Also, variations in stroke 
volume of the pump may occur because of 
changes in pressure in the intake channel, 
which are possibly caused by a reduction of 
the effective size of the intake opening. These 
two sources of error are corrected by bubble 
traps and a measuring and equalizing unit 
described below. 

3. Bubble traps. These consist of 2 up- 
right, cylindrical plastic chambers, one inch 
in diameter and 3^^" in height. Blood flows 
into one end of a chamber, near the top, and 
flows out at the bottom, allowing any air 
bubbles contained in it to collect at the top. 
Near the top of the cylinder there is a fle.xible 
plastic membrane which forms the floor of 
another plastic chamber which is filled with 
air and transmits variations in pressure to a 
U-type mercury manometer. Just under- 
neath the plastic membrane there is a vent- 
like opening, to allow for adjustment of the 
blood level within the bubble trap and for 


the introduction of liquids into the blood- 
stream. 

This device removes all but the very small- 
est air bubbles, allows for the constant indi- 
cation of pressure and the administration of 
anticoagulants, drugs, etc., to either blood- 
stream during the experiment. 

4. The meter. (Fig. 2) The metering unit 
receives blood into cylindrical chambers A1 
and 32 from bodies of the subjects X and Y- 
As the blood is pumped into chambers AI and 
B2, two floating plastic pistons, V and \V, 
move toward the opposite ends of the cham- 
bers and e.v*pel the contents of chambers A2 
and B1 into bodies X and Y respectively. At 
the end of the excursion of the floating pis- 
tons a micro-switch mechanism provides for 
the activation of solenoid clamps which stop 
the flow of blood to whichever chamber has 
been Riled. When both chambers are fiiled, 
a valve mechanism is moved by means of a 
motor. As soon as the movement of the 
valve-changing mechanism is completed the 
solenoid damps are released and blood again 



Reversal of Insulin-Induced Hypoglycemia 


609 


pheral vascular system in this nutritional 
deficiency, and its possible significance has 
been reported previously.^ 

Disciissiot}. Although the mucosal blood 
vessels were not observed directly in this 
study, the complete cessation of blood flow 
found frequently in the small arteries and 
arterioles supplying the mesentery and tra- 
versing it to supply the intestine support the 
assumption that accompanying the “flight re- 
action” there is often a complete stagnation of 
blood flow in this viscus. This is apparently 
maintained throughout the period of response 
to the stimulus, and subsequently returns 
slowly. Of particular -interest is the fact that 
even at the height of response, continuous 
blood flow through the arterial arcades and 
the larger venules and veins in the mesentery 
affords a means of draining much of the resid- 
ual capillary blood in this region and return- 
ing it, along with the blood shunted to the 
arcade system, back to the general circula- 
tion. One can assume that this would con- 
siderably increase the volume of blood avail- 
able for other somatic areas during the period 
of active vascular response. 

The absence of vasospasm in the mesentery 
and serosa during the flight response in scor- 


butic animals is associated with a general 
depression of arteriolar and precapillary tone, 
and impaired venular flow.^ It remains to 
be determined whether these manifestations of 
ascorbic acid deficiency are a result of general 
tissue disfunction or are perhaps a specific 
defect in some vasotonic mechanism. 

Summary and conclusions. 1. Technics were 
devised for viewing the mesenteric and serosal 
capillary bed of guinea pigs not under a 
general anesthetic agent. 

2. The degree of emotional response to 
auditory’ stimuli could be correlated with 
the magnitude of changes in the visualized 
splanchnic vessels. 

3. (a) -A. “startle response” was occasionally 
accompanied by transient slight vasoconstric- 
tion and slowing of blood flow. 

(b) .A “flight response’’ was frequently 
characterized by intense vasoconstriction of 
arterioles, complete stagnation of capillary 
blood flow, and a drainage of residual capillary 
blood into patent venules. 

3. Certain “key sites” along the arteriolar 
tree have a lower threshold of response than 
remaining areas, and e.vert much control of 
arteriolar flow by sphincter-like activity. 

Rvceivctl June 23, 19-tP. P.S.E.B.M., 1940, 71. 


17272. Reversal of Insulin-Induced Hypoglycemia in Chick Embryos by 
Nicotinamide and o-Ketoglutaric Acid.* 

Edgar Zwilling. 

From Storrs Agricultural Experiment Station, Univemity of Connecticut, Stores. Conn. 


In a series of papers Landauer and his 
collai5orators'~‘ have described the teratogenic 
effects which insulin produces when it is in- 

*■ This investigation was aided, in part, hy a 
grant from the American Cancer Society on the 
recommendation of tlie Committee on Growtli of 
the Nationai Research Council. 

1 Landauer, W., .1. Exp. Zonl., 1940, 08, GO. 

2 Landauer, W., and Laug, E. IL, .7. Exp. ZooL, 
1P4(',, 101. 41. 

•t Landauer, W., and Bliss, C. I.. J. Eip. Zool.. 
194G, 102, 1. 

^Landancr, W„ J. Exp. Zool., 1947, 105, 140. 


jected into the ymlk sac of chick embryos. 
AMien the insulin is applied in this manner to 
early embryos (0-72 hrs) caudal defects 
(nimplessness) are the most frequently en- 
countered anomalies. When injected into older 
embryos (96-168 hrs) the insulin causes a 
high incidence of disproportionate shortening 
of the legs (micromelia) . These effects of insu- 
lin disappear when the insulin is inactivated 
and reappear when inactivated insulin is reac- 
tivated. Landauer- demonstrated that when 

5 I..ind:mcr, \V., Exp. Zool., 194S, 109, 2S3. 
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terms “startle reactioii” and “flight reaction” 
are based on the degree of overt manifestation' 
of “emotional” disturbances. 

1. The “startle reaction.” It was first no- 
ticed tliat following a sudden loud noise, the 
animal being examined might shudder, or oth- 
erwise appear startled. The great majority 
of such responses were not accompanied by 
any observed phenomena in the splanchnic 
vascular bed. In approximately 20% of such 
situations, however, there was a slight nar- 
rowing of mesenteric and serosal arterioles of 
diameters ranging from 50-80 with general 
slowing of capillary blood flow. Precapillary 
sphincters usually narrowed partially. This 
vasoconstriction generally began 1-2 seconds 
after the brief startle response by the animal, 
and lasted 5-10 seconds at most. It fre- 


companied by profound changes in the 
vessels. Within 1-2 seconds after the onset 
of struggling the “key sites” of the larger 
arterioles became greatly narrowed to com- 
pletely occluded. Apparently at the same 
time, narrowing occurred in the entire re- 
mainder of the arteriolar components, with 
marked to complete constriction of all pre- 
capillary sphincters in the mesenterj'^ and 
serosa. This intense and widespread vasocon- 
striction resulted in a complete cessation of 
observed arteriolar blood flow to the gut, 
with limitation of active circulation to the 
larger mesenteric arterial arcades. The blood 
flow in the venules and veins became very 
sluggish, but continued. This afforded a 
relatively rapid drainage into the general 
circulation of much of the residual capillary 


quently involved isolated regions of the ar- 
teriole, producing a band-like constriction of 
30-40 /i in length, in which the arteriolar 
diameter was reduced occasionally by 25- 
50%. As repeated “startle” responses were 
induced in the same animal, it was noted 
that these sphincterlike constrictions of the 
arterioles invariablj'’ occurred at -the same 
locus. Apparentl.y, certain “key sites” along 
die small peripheral vessels, perhaps asso- 
ciated with the terminals of particular nerve 
fibers, are capable of response at levels of 
psychic stimulation below those required for 
a more generalized vasoconstriction. 

2. The “flight reaction.” Occasionally, the 
auditory and other stimuli would be followed 
by a much more vigorous and prolonged sud- 
den reaction, in which the animal ivould 
struggle violently to escape from his bonds. 
This muscular effort (and apparently emo- 
tional disturbance) usually lasted for 5-20 
seconds, then ceased as suddenly as it had 
begun. Motion of the fields under observa- 
tion often prevented accurate visualization 


during these episodes. 

Of those instances in which the mesentery 
remained relatively undisturbed, appro.vi- 
matelv 25% were accompanied by no ob- 
served vascular changes. In 50% of the epi- 
sodes vascular phenomena were found re- 
sembling those of the startle reaction but 
generally of greater magnitude. The remain- 
Cg 25% of the “flight reactions” were ac- 


blood. 

This picture of complete capillary stagna- 
tion lasted throughout the period of e.xcite- 
ment and muscular activity. When struggling 
ceased, frequently no change was seen for 
5-10 seconds. The first areas to release their 
spasm were the “key sites” along the larger 
arterioles. Fiow gradually increased through 
the narrowed arteriolar tree along the more 
direct A-V channels. Within 15-20 seconds, 
the smaller arterioles began to dilate, result- 
ing in augmentation of flow in the arteriolar 
net. It was frequently 1-2 minutes, however, 
before sufficient pre-capillary sphincters had 
opened to permit a return of adequate capil- 
lary circulation. Following the disappearance 
of this vasospastic state, no further obvious 
changes were noted in this study. 

In 3 instances, observations on arteriolar 
and precapillary sensitivity to topical epi- 
nephrine were made immediately after the 
resumption of a normal capillary flow. In 
each it was found to be at least 300% greater 
than control readings of 1:2,000,000. Five 
minutes later it had returned to normal 
values. 

B. The scorbutic animals. .Although the 
“startle responses” and the “flight responses” 
occurred as frequently and as readily in the 
scorbutic guinea pigs as compared to the 
pair-fed controls, circulatory changes during 
or following these episodes were not observed. 
The relatively depressed condition of the peri- 
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pheral vascular system in this nutritional 
deficiency, and its possible significance has 
been reported previously.^ 

Discussion. Although the mucosal blood 
vessels were not observed directly in this 
study, the complete cessation of blood flow 
found frequently in the small arteries and 
arterioles supplying the mesentery and tra- 
versing it to supply the intestine support the 
assumption that accompanying the “flight re- 
action” there is often a complete stagnation of 
blood flow in this viscus. This is apparently 
maintained throughout the period of response 
to the stimulus, and subsequently returns 
slowly. Of particular -interest is the fact that 
even at the height of response, continuous 
blood flow through the arterial arcades and 
the larger venules and veins in the mesenterj’ 
affords a means of draining much of the resid- 
ual capillary blood in this region and return- 
ing it, along with the blood shunted to the 
arcade system, back to the general circula- 
tion. One can assume that this would con- 
siderably increase the volume of blood avail- 
able for other somatic areas during the period 
of active vascular response. 

The absence of vasospasm in the mesentery 
and serosa during the flight response in scor- 


butic animals is associated with a general 
depression of arteriolar and precapillary tone, 
and impaired venular flow'.^ It remains to 
be determined whether these manifestations of 
ascorbic acid deficiency are a result of general 
tissue disfunction or are perhaps a specific 
defect in some vasotonic mechanism. 

Summary and conclusions. 1. Technics were 
devised for viewing the mesenteric and serosal 
capillary bed of guinea pigs not under a 
general anesthetic agent. 

2. The degree of emotional response to 
auditory stimuli could be correlated with 
the magnitude of changes in the visualized 
splanchnic vessels. 

3. (a) A “startle response” was occasionally 
accompanied by transient slight vasoconstric- 
tion and slowing of blood flow. 

(b) A “flight response” was frequently 
characterized by intense vasoconstriction of 
arterioles, complete stagnation of capillary 
blood flow, and a drainage of residual capillary 
blood into patent venules. 

3. Certain “key sites” along the arteriolar 
tree have a lower threshold of response than 
remaining areas, and e.vert much control of 
arteriolar flow by sphincter-like activity. 

Received Time 23, lltiA P.S.E.B.M , 1949, 71. 


17272. Reversal of Insulin-Induced Hypoglycemia in Chick Embryos by 
Nicotinamide and a-Ketoglutaric Acid.*‘ 

Edgar Zavilung. 

From Sforrs Agricultural Experiment Station, University of Connecticut, Stores. Conn. 


In a series of papers Landauer and his 
collaborators'"* have described the teratogenic 
effects which insulin produces when it is in- 

* This investigation was aided, in part, by a 
grant from the American Cancer Society on the 
recommendation of tho Committee on Growtli of 
tlie National Research Council. 

1 Landauer, W., /. Exp. Zool., 1945, 08, G5. 

= Landauer, W., and Lang, E. II., J. Exp. Zool., 
1040, 101, 41. 

3 Landauer, W., and Bliss, C. I., J. Exp. Zool., 
1940. 102, 1. 

'Landauer, VC., J. Exp. Zool., 1947, 103, 145. 


jected into the yoik sac of chick embryos. 
MTten the insulin is applied in this manner to 
early embryos (0-72 hrs) caudal defects 
(rumplessness) are the most frequently en- 
countered anomalies. When injected into older 
embryos (96-168 hrs) the insulin causes a 
high incidence of disproportionate shortening 
of the legs (micromelia). These effects of insu- 
lin disappear when the insulin is inactivated 
and reappear when inactivated insulin is reac- 
tivated. Landauer’ demonstrated that when 


s Landuucr, V., J. Exp. Zool., 194S, 109, 2S3. 
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nicotinamide is injected into the yolk sac 
either shortly before, after or simultaneously 
■with insulin the incidence of micromelia is 
reduced from 41 - 53% to 3 - 9% depending 
on individual experiments. When the same 
experiments were repeated on earlier stages it 
was found that nicotinamide also reduces the 
incidence of rumplessness. In like manner 
a-ketoglutaric acid reduces the incidence of 
micromelia, though not as effectively as nico- 
tinamide, but does not, however, exert much 
of an inhibiting effect on the rumpless-induc- 
ing properties of the insulin. 

Zwilling® showed that the injection of insu- 
lin into the yolk sac of 120 hr embryos is 
followed by an hypoglycemia which, in some 
cases, persists for 8 days. The blood sugar 
in all embryos is restored to normal levels 
by the fourteenth day of development. In 
the course of this investigation it was found 
that a very good correlation exists between 
the degree and persistence of the hypogly- 
cemia and the degree and incidence of micro- 
melia. Factors which increase the micro- 
melic effects (such as adrenal cortical extracts, 
Landauer') also exaggerate the hypoglycemic 
effects. 

It was of some interest to us to determine 
whether nicotinamide and a-ketoglutaric acid 
have any effect on the insulin-induced hypo- 
glycemia. We found that these substances do 
decrease the incidence of hypoglycemia and 
that this decrease follows the same order that 
it does for their micromelia-alleviating capaci- 
ties; i.e. the effect is more pronounced with 
nicotinamide. 

Material and method. Eggs from unselec- 
ted White Leghorn hens were used in this 
work. They were all injected at 120 hours as 
described by Landauer.^ When two sub- 
stances were used they were injected separate- 
ly, but in sufficiently rapid succession so that 
they may be considered simultaneous injec- 
tions. Blood was obtained and assayed for 
reducing substances by the technic described 
previously.^ For each stage blood samples 
were taken from embryos which had been in- 
jected ■with insulin alone (2 units), nicotina- 

Z^\^ing, E , jTexp. ZooL, 

7 Landauer, W., Endocrinol., 19i7, 41, 489. 



Coarse of blood sugar in chick embryos treated 
with: insulin alone (2 units), insulin nicotina- 
mide (18.9 mg), and insulin 4- o-ketoglutaric acid 
(20.2 mg) at 5 days. Each point represents the 
average of blood sugar values for all embryos as- 
sayed at a given stage. 

mide alone (18.9 mg) or a-ketoglutaric acid 
alone (20.2 mg) and both insulin and one of 
the other two substances. The sequence of 
obtaining blood from the embryos was altered 
sufficient!}' so that it could not influence the 
results. 

Results. The data from these experiments 
are presented in Fig. 1 and in Table I. Since 
neither nicotinamide alone nor a-ketoglutaric 
acid alone cause any marked deviation from 
normal blood sugar levels the data obtained 
for these substances have been omitted. All 
of the points on these curves represent 
averages for all blood sugar values obtained 
for a given stage. This explains the difference 
between the curve for 2 units of insulin pre- 
sented here and that presented in the pre- 
vious paper.® In the latter the points repre- 
sented the average values for all hypogly- 
cemic embryos at any given stage. However, 
these data for insulin alone duplicate those of 
last year in all essential respects. It can be 
seen that both nicotinamide and a-ketoglutaric 
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acid reduce the average hjpoglycemia and 
that this effect of the nicotinamide is e%ddent 
within twenty-four hours of the time that it 
is administered. From the data presented in 
Table I it is evident that this is due, in large 
part, to a reduction in the number of embrj'os 
which are hjTiogljTemic at any one time. 
However there is also a decrease in the degree 
of hjpoglycemia of the individual embrj'os. 
Nicotinamide is more effective than a-ketoglu- 
taric acid in producing both of these results. 
This correlates well u-ith the fact that cases 
of extreme micromelia are not found following 
injection of insulin nicotinamide, while 
the}' do occur after injection of insulin -j- a- 
ketoglutaric acid. The one discordant point 
(insulin -{- nicotinamide at 8 days) may be 
due to a sampling error. However, there is a 
possibility that it may, in part, represent an 
actual increase. Not only were there fewer 
cases of hj'poglycemia but the range of 
“normal” values was higher than usual. A 
similar phenomenon has been observed in our 
other work; it seems as though recovery to 
normal levels may be accompanied by an 
over-compensation. 

Discussion. Again we have an instance in 
which the level of blood sugar varies as does 
the degree of micromelia. In this instance 
nicotinamide and a-ketoglutaric acid are in- 
strumental both in decreasing the incidence 
of micromelia and in restoring the blood sugar 
of the embrjms to more normal levels. It 
might be pointed out that the curve for 
insulin -|- nicotinamide described here is verjr 
similar to the one which describes the course 
followed by the blood sugar in embryos which 
receive only insulin but which show none of 
the teratogenic effects of that substance.® 

The causal relationship between the mor- 
phological effects of insulin and its hj'pogly- 
cemic action in the chick embryo is still ob- 
scure. It is not yet certain that these effects 
are directly due to a decrease in available 
carbohydrate energ}', though it is e^-ident 
that the carbohydrate metabolism is involved. 
In like manner the mechanism of the alleviat- 
ing action of the nicotinamide is not clear. It 
may either be a result of its restoring the 
blood sugar to normal levels or due to a 
more direct action on the embtyonic tissues. 
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Reversal of Insulin- 

nicotinamide is injected into the 5'olk sac 
either shortly before, after or simultaneously 
with insulin the incidence of micromelia is 
reduced from 41 - 53% to 3 - 9% depending 
on individual experiments. When the same 
experiments were repeated on earlier stages it 
was found that nicotinamide also reduces the 
incidence of rumplessness. In like manner 
a-ketoglutaric acid reduces the incidence of 
micromelia, though not as effectively as nico- 
tinamide, but does not, however, exert much 
of an inhibiting effect on the rumpless-induc- 
ing properties of the insulin. 

Zivilling® showed that the injection of insu- 
lin into the yolk sac of 120 hr embryos is 
followed by an hypoglycemia which, in some 
cases, persists for 8 days. The blood sugar 
in all embiyms is restored to normal levels 
b3' the fourteenth day of development. In 
the course of this investigation it was found 
that a very good correlation exists between 
the degree and persistence of the hypogly- 
cemia and the degree and incidence of micro- 
melia. Factors which increase the micro- 
melic effects (such as adrenal cortical extracts, 
Landauer^) also exaggerate the hypoglycemic 
effects. 

It was of some interest to us to determine 
whether nicotinamide and a-ketoglutaric acid 
have any effect on the insulin-induced hypo- 
glycemia. We found that these substances do 
decrease the incidence of hypoglycemia and 
that this decrease follows the same order that 
it does for their micromelia-alleviating capaci- 
ties; i.e. the effect is more pronounced with 
nicotinamide. 

Material and method. Eggs from unselec- 
ted White Leghorn hens were used in this 
work. They were all injected at 120 hours as 
described by Landauer.^ When two sub- 
stances were used they were injected separate- 
ly, but in sufficiently rapid succession so that 
they may be considered simultaneous injec- 
tions. Blood was obtained and assayed for 
reducing substances by the technic described 
previously.® For each stage blood samples 
•were taken from embryos which had been in- 
jected -uath insulin alone (2 units), nicotina- 

6Z\\-illing, E., 4. Exp. Zoot, 1948, 109, 19i. 
rirandauer, W., TUndocrinol., 1947, 41, 489. 
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AGE IN DAYS 
Tro. 1 . 

Course of Wood sugar in oliick embryos treated 
with: insulin alone (2 units), insulin -f aieotina- 
mide (18.9 mg), and insulin -J- a-ketoglutaric acid 
(20.2 mg) at 5 days. Each point represents the 
average of blood sugar values for all embryos as- 
sayed at a given stage. 

mide alone (18.9 mg) or a-ketoglutaric acid 
alone (20.2 mg) and both insulin and one of 
the other two substances. The sequence of 
obtaining blood from the embryos was altered 
sufficiently so that it could not influence the 
results. 

Residts. The data from these e.\'periments 
are presented in Fig. 1 and in Table I. Since 
neither nicotinamide alone nor a-ketoglutaric 
acid alone cause any marked deviation from 
normal blood sugar levels the data obtained 
for these substances have been omitted. All 
of the points on these curves represent 
averages for all blood sugar values obtained 
for a given stage. This e.-vpJains the difference 
between the curve for 2 units of insulin pre- 
sented here and that presented in the pre- 
vious paper.® In the latter the points repre- 
sented the average values for all hypogly- 
cemic embryos at any given stage. However, 
these data for insulin alone duplicate those of 
last year in all essential respects. It can be 
seen that both nicotinamide and a-ketoglutaric 
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them^ has found the same apparent contra- 
diction in rats fed anti-thyroid drugs. The 
animals in his experiments lost weight, proba- 
bly due to a restriction in food intake, but the 
protein content of the liver was remarkably in- 
creased. Leathern and Seeley® have also dem- 
onstrated that’ the plasma proteins of rats fed 
the anti-thyroid drugs were increased with the 
largest increase occurring in plasma globulins. 

In an attempt to resolve these apparent con- 
tradictions, the following e.xperiments were 
designed to determine the nitrogen balance at 
various levels of methionine and thiouracil in 
the diet and to determine the nitrogen con- 
tent of the plasma and tissues. 

Methods. Nitrogen balance inde.ves* were 
determined on adult rats of the Long-Evans 
Strain using the diets and technics previously 
described for the dog.* The diet contained 
12% casein on a dry weight basis and the 
amino acid and thiouracil were added at 
various levels. Rats were pair fed with those 
receiving methionine (4.8%) where the food 
intake was markedly restricted. Experiments 
were also performed on animals fed ad libitum 
as a secondary control. The e-xperiments were 
continued for 20 days with urine and fecal 
collections throughout the period. At the 
end of the e.vperiment the animals were bled 
by heart puncture and autopsied. The plasma 
was analyzed by the method of Howe® as 
modified by Robinson, Price, and Hogdem.® 
The livers and kidneys were dried to con- 
stant weight at 95°C and were then analyzed 
for nitrogen by the micro-Kjeldahl procedure. 

'• lA'iithciii, J. It., Pi’.oc. Soc. Exp. Biol, ash 

1P4C, «1, 203. 

'’Eeatliem, .1. H.. .'iiul .Seeley. R. D., .(in. J. 
rinjsiolnn!i. 1047, 141). 501. 

t The iiitriigen bahince index iniiv be defined bv 
the equal inn 

Xn = rC(AX)~XE“ 

^^here XB is the nitroKen balance. AX the ab- 
iiarbed nitrogen, and XE^ is the excretion of nitro- 
Reii on a pnitein free diet. Under these conditions, 
K may be defined as the nitrogen balance index. 

■ -Uli'on, .1. B., and .\ndcrson, .T. A., .T, Xiitri- 
ti'in, 1943, 21). 413. 

Hone. P. E.. ,T. Viol. Clicm., 1921, 49, 93. 

'’Robinson, 11. w.. I’rice, .T. W., and nogdem, 
U O., ,J. lUnl. Clinn.. 1037, 120, 491. 



ABSORBED NITROGEN Mgs./Doy/Kg. 

Fio. 1. 

The rclationshii) between nitrogen balance and 
absorbed nitrogen in rats fed a 129o casein ration 
<id Uhitum as indicated by the triangles, a 129fc 
casein ration on a restricted food intake as indi- 
cated by the open circles, and a protein-free diet 
as indicated by the closed circle. 



ABSORBED NITROGEN Mgs/Doy/Kg 
Fig. 2. 

The relationship between nitrogen balance and 
absorbed nitrogen in rats fed a diet of 127c casein 
as indicated by the open circles, 12% casein to 
which was added O.G7% niethionine (A)i and 127o 
casein to which 0.6% thiouracil (n) had been 
added. 

The urine and feces were also anah'zed by 
the micro-Kjeldahl procedure. The Folin 
method'" was used for the analysis of creatine 
and creatinine. 

Results. The points plotted in Fig. 1 illus- 
trate data obtained on rats fed a 12% casein 
ration (dry weight basis) ad libitum as shown 
by the triangles, and rats fed the 12% casein 


10 Folin, O. S., J. Bud. Chnn.. 1914, 17. 4C9. 
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We have found that, sulfanilamide, which pro- 
duces essentially the same micromelia as in- 
sulin,® does not alter the blood sugar (un- 
published). However its micromelic effects 
are also reversed by nicotinamide (unpub- 
lished). There is a possibility that the low 
concentration of reducing sugars in the insulin- 
treated embryos may result in a higher nico- 
tinamide requirement, while the sulfonamide 
ma}"^ affect the nicotinamide content in another 
fashion. Levy and Young® have shown that 
virtually all of the nicotinamide (or nicotinic 
acid) in the chick embryo is bound in the 
diphosphopyridine nucleotide (coenzyme I). 
They also indicate (as has been found in other 
animal tissues^®) that e.vcess nicotinic acid 
(or amide) does not result in an increase in 
the coenzyme beyond its maximum levels. If 
these same conditions obtain under the ab- 
normal circumstances induced by insulin (and 
sulfanilamide), then it seems likely that these 
substances ■ may interfere, in some manner, 
with the synthesis of the coenzyme. 

The hypoglycemia-alleviating effect of nico- 
tinamide demonstrated here is not without 

S Ancel, P., .Ann. d’EnclocrinoL, 1945, 0, 1. 

0 Levy, if., and Yomig, N. P., J. Biol. Cliem., 
1948, J7C, 185. 

10 Sclilenk, P., A Symposium on Eespiratory 
Enzymes, Univ. of "SVis. Press, 1942. 


precedent. Burke and hlclntyre'^ have 
shomi that this substance increases the 
tolerance of rats to insulin; a decrease in the 
duration of hypoglycemia was noted follow- 
ing the injection of a standard dose of insulin 
into nicotinamide-treated animals. These are 
essentially the same results which we have 
obtained with chick embryos. 

That a-kefoglufaric acid also prevents insu- 
lin abnormalities as well as decreasing the 
duration of the hypoglycemia may indicate 
that pyruvate metabolism is, in some way, 
inhibited (possibly via coenzyme lack) and 
that this alternate pathways may be utilized as 
an energy source. At anj'^ rate these data 
indicate that carbohy'drate metabolism is of 
considerable importance lor normal limb for- 
mation in chick embryms. 

Snmmary. The duration of insulin-induced 
hyqioglycemia is reduced following the ad- 
ministration of nicotinamide and a-ketoglu- 
taric acid to insulin treated chick embryms. 
Nicotinamide, w'hich is the more effective in 
preventing insulin-induced abnormalities, is 
also more effective in decreasing the duration 
of the hy^poglycemia. 

11 Burke, J. C., nnfl McIntyre, A. E., J. Pliarm. 
and Bxp. Thcrap., 1939, C7, 142. 

Kcceived June 9, 1949. P.S.E.B.JI., 1949, 71. 


17273. Influence of Methionine and Thiouracil on Nitrogen Balance Index 
and Organ Weights of Adult Rat."* 


Jack Harold Upton Brown.! (Introduced by Paul Gross.) 

From The Industrial Sygiene Foundation, The Mellon Institute, Pittsburgh, Pa. 


' .\llison, Anderson, and Seeley^ have demon- 
strated that small quantities of methionine 
conserve body nitrogen when added to the 
diet of the dog. Earle, Small, and ■\''ictor® and 
Reisen, et al.^ have found, however, that larger 

* Presented us purtinl fulfillment of tlie degree 
of Doctor of Philosophy .ut Butgers TTniversity. 

t Gerard Swope Fellow of the General Electric 
Company. 

1 Allison, J. B., -Anderson, J. A., and Seeley, 
E.. D., J. Kntriiion, 1946, 33, 361. 


amounts of the amino acid will cause a marked 
loss in body weight in rats. This is in apparent 
contradictfon to Harrison and Long^ who re- 
ported that a diet containing 2% of methionine 
would increase the liver nitrogen of rats. Lea- 

» — — — •• 

2 E.irlc, D. .L, Jr., Small, K., .and Victor, J., 

J. F.rp. Med., 1942, 7<3, 317. 

sBciscn, w, H., Seliweigert, B. S., and El- 
vehieni, C. A., Arch. Biochem., 1946, 10, 307. 

I H-arrison, H. C., and Long. C. N. IL, J- Biol. 
Chem., 1945, 101, oil. 
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TABIiE II. 

Data Obtained on Autopsy of Eats Fed a 12% Casein Diet ad lihitnm (A) and a 12% Casein . 
Diet on a Eestricted Food Intake (E) to Which Was Added Varying Amounts of Methionine 

Thiouracil. 


Pietnr^' 

regime 

Tlij-roid, 

mg/io’o g., B.W. 

Liver, 

mg/100 g., B.W. 

Kidney, 

mg/100 g., B.W. 

Control (E) 

6.7 -4- 0.9 

3230 ± 48 

684 ± 24 

” (A) 

6.2 0.5 

3352 ± 52 

691 ± 36 

Thiouracil 

.12 (E) 

9.0 0.8 

3450 ± 142 

673 -4- 32 

.67 (E) 

12.8 -4- 1.2 

3892 -4- 210 

684 ± 37 

.67 (A) 

16.2 i: 1.3 

4221 ± 178 

684 ±31 

Methionine 

.67 (A) 

6.8 0./ 

2931 -4- 96 

811 ± 82 

.67 (E) 

6.4 -4- 0.6 

3193 ± 103 

705 -4- 40 

2.4 (E) 

7.2 -+- 0.9 

2961 ± 80 

850 ± 32 

4.8 (E) 

8.7 -4- 0.9 

3290 ± 92 

925 -4- 46 


T,tBLE III. 

Influence of Various Concentrations of Methionine and Thiouracil on Liver 
Ecceiving a 12% Casein Basal Eation. 

Nitrogen of Eats 

Dietary regime, 
sulfur 

Ko. of 
animals 

Liver X, 

% 

Total Liver X, 
B/lOO g., 

B.W. 

HoO, % 

Casein (A) 

18 

9.2 -4- .6 

.098 ± .004 

69.8 ± 1.2 

” (B) 

14 

9.0 ± .4 

.099 ± .003 

71.2 ± 0.8 

Jlethionine 

.67 (A) 

10 

9,7 :±: .5 

.107 ± .004 

72.0 ±1.3 

.67 (E) 

12 

10.4 ± .4 

.103 ± .003 

72.7 ± 1.1 

2.4 (E) 

8 

10.8 ± .1 

.104 ± .003 

71.1 ±0.9 

4.8 (E) 

14 

11.2 -4- .6 

.109 ± .004 

70.3 ± 0.8 

Thiouracil 

.12 (A) 

10 

8.6 ± .3 

.091 -4- .004 

67.4 -4- 1.0 

.67 (A1 

8 

9.4 -4- .3 

.130 -4- .010 

69.5 -4- 1.1 

.67 (E) 

12 

9.3 -4- .4 

.106 ± .008 

69.2 ± 1.2 


Fleischman^'’ have demonstrated that the 
creatine excretion of the thyrotoxic patient 
can be decreased by the administration of 
thiouracil. The data presented here demon- 
strate that the excretion of creatine is de- 
creased in normal rats rendered hypothyroid 
by the administration of thiouracil. ^Methion- 
ine also demonstrated some tendency to de- 
crease the excretion of creatine. 

Thiouracil increases the size of the thyroid 
in rats fed the compound. (Table II). These 
data demonstrate that thiouracil not onlj’’ in- 
creases the size of thyroid but also markedly 
increases the size of the liver. The increased 
size of livers in rats fed large doses of thioura- 

'■•Witkins, L., and Fleificliman, W., J. Clin. 
Inrrtl., 104G, SCO. 


cil has been previously reported by Leathern,® 
but his data was not correlated with a change 
in the nitrogen balance index. 

iMethionine, on the other hand, had no 
effect on the size of the liver but brought 
about a definite hypertrophy of the kidneys of 
rats fed high concentrations of this amino 
acid. Methionine in high level dosage also 
enlarged the thyroid. The enlargement of the 
th3Toid upon the addition of methionine to 
the diet may be due to the high concentration 
of sulphur in the diet or to an antithyroid 
effect from the methionine. The changes in 
organ weights with both compounds are direct- 
h' proportional to the dosage. 

The nitrogen content of certain tissues of 
the body was altered by the addition of either 
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TABLE I. 

Estretioa of Creatine in Bats Bed a Basal 12% Casein Diet to 'Whicli Was Added Varying 
Amounts of Tbiouracil and Methionine. Esperiments on a restricted food intake are followed 
by E and those in which the animals are fed cd Ubitum are indicated by A. The nitrogen 
balance index and the weight change over a 20-day period are included. 


Dietary 

regime 

No. of 
animals 

Avg. wt. change 
20-day period, g 

N. balance 
index 

Creatine, 

mg/dayAg 

Control (E) 

18 

—17 

.77 

11 . 81 - .3* 

'' (A) 

14 

50 

.78 

9.6 a: .3 

Tbiouracil 

.12 (R) 

10 

0 

.85 

8.7 ± .2 

.67 (E) 

8 

—20 

.58 

5.6 ± .2 

.67 (A) 

12 

-f40 

.58 

3.0 ± .2 

Metbionine 

.67 (A) 

10 

56 

.96 

S.l .1 

.67 (E) 

12 

5 

.96 

9.0 -1- .1 

2A (E) 

8 

—40 

.60 

7.9 ± .1 

4.8 (R) 

14 

—56 

.60 

9.2 ± .2 


‘E = 


/ 2d2 


'V N (N-i) 

tables for which such data are given. 


Note: This equation for the standard error applies to all figures in the 


ration on a restricted caloric intake as shotvn 
by the open circles. The relationship between 
nitrogen balance and absorbed nitrogen is 
linear throughout the region of negative and 
of low positive nitrogen balance with an 
average nitrogen balance index of 0.77.^^ 
The recent work of Bricker and MitchelB- has 
confirmed this relationship in the rat. 

The nitrogen balance index of the casein 
may be altered by adding certain compounds 
to the diet. The data in Table I demonstrate 
that the addition of 0.67^ methionine (dry 
weight basis) to a casein diet increased the 
nitrogen balance index of casein in the rat 
from 0.77 to 0.96. The addition of larger 
amounts of methionine, however, decreased 
the nitrogen balance index markedly. The 
larger doses of methionine caused a definite 
restriction of food intake and necessitated 
the paired feeding of other groups to the 
methionine group. This restriction in food 
intake is paralleled by the weight change 


shown in Table I. 

Tbiouracil also had a marked effect on the 
nitrogen balance index of the casein.^ The 
addition of 0.6% thiouraci! to the casein diet 


n Brown, J. H., nnfi Allison, J. B., Abstract 
112tli Meeting of Am. Cliem. Soc., 1947, olc. ^ 

12 Bricker, H., and Jlitcliell, H. H., J. iVutri/ion, 


1947. 34, 491. 


gave a nitrogen balance index of O.SS. When 
.12% tbiouracil was fed to rats on a re- 
stricted caloric intake, the nitrogen balance 
index was 0.85, and a value somewhat above 
that obtained with casein alone. Very high 
levels of tbiouracil were not fed because Ast- 
ivood^® has reported that rats refuse diets 
containing high levels of the drug. 

Despite the variation in nitrogen balance 
inde.x produced by the addition of tbiouracil 
or methionine to the casein diet, the straight 
line relationship between nitrogen balance and 
absorbed nitrogen is stii! valid. The data 
plotted in Fig. 2 demonstrate that the addition 
of methionine (0.6%) which increased the 
nitrogen balance index, and of tbiouracil 
(0.6%) which decreased the nitrogen balance 
index did not alter the linearity of the rela- 
tionship. The bending of the line at high 
nitrogen balance values is to be e-xpected and 
has been reported by Allison and Anderson.' 

The data in Table I demonstrate also that 
tbiouracil decreases the excretion of creatine. 
The decrease in creatine excretion of the 
thvroidectomized animal has been reported by 
Allison and Leonard^" and Wilkins and 

Alltsou!’ J. B., and Leonard, S. L., Jm. J. 
PJpjsiol., 1941, 132, 185- 
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Pig. 1. 

Duodenum (D), gallbladder (G), and transplanted portion of the right uterine horn 
(arroTv) are seen from the dog 20 iveehs follorving operation (.A. left) X 12. Cross section 
of the uterine horn enlarged (B right) X 20. 


grafting. 

Metftod. Under intravenous nembutal an- 
esthesia the abdomen was opened with a mid- 
line incision, the right uterine horn was 
clamped, and its proximal end ligated. The 
uterine artery was also ligated and severed at 
this level. The “broad ligament” was then 
freed by ligating its blood vessels along its 
posterior margin. The proximal 5 cm of the 
uterine horn was freed from the distal seg- 
ment bj' applying a ligature and cutting proxi- 
mal to it, preserving its blood supply from the 
ovarian arteiy. The common bile duct was 
ligated near its junction with the duodenum 
and severed distal to the ligature. The cut 
end of the common bile duct was then tele- 
scoped into the proximal end of the uterine 
horn while the opposite end of the segment 
was inserted into the duodenal wall through 
a longitudinal slit made about 2 cm an- 
terior and medial to the choledochoduodenal 
junction. Both ends of the graft were se- 
cured in place by cotton sutures. The abdo- 
men . was closed with through and through 
interrupted cotton sutures. 

Of 20 dogs sur\-iving the operation, 12 


died in from 3 to 21 days. The remaining 
8 dogs were sacrificed between the 4th and 
the 27th weeks following operation: 2 in 
the 4th week and one each in the 6th, 14th, 
16th, 20th, 24th, and 27th weeks. The abdom- 
inal organs of the latter animals were placed 
in 5% formalin and after fi.xation were 
studied grossly and microscopically. 

Results. None of the 8 dogs that were 
killed 4 weeks or later had clay' colored stools, 
or any evidence of jaundice in the sclerae or 
viscera. In each dog there were fairly dense 
adhesions about the site of operation involv- 
ing the liver, stomach, duodenum, great omen- 
tum, and loops of small intestine. Numerous 
blood vessels of somewhat increased caliber 
from the ovarian artery appeared to supply 
the graft. The surface of the liver was smooth, 
glistening, and of the usual color. The gall- 
bladder was distended with bile, and pressure 
on the viscus yielded bile in the duodenum at 
the site of implantation of the uterine horn. 

The intrahepatic biliary ducts had spacious 
lumina. The hepatic ducts could not be 
clearly exposed. The common bile duct con- 
tinued imperceptibly into the segment of 
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TABLE IV. 

Influence of Various Concentr.utions of Metliionine and Tliiouracil on tlie Plasma Prolems of 
tlio Bat Pod a BasitI Ration Containing 12% Casein. 


■ Dietary 
regime 

No. of 
animals 

Albumin G, 

% 

Globulin G, 

% 

A/G 

Heiiiatoentj 

% 

Control (A) 

IS 

3.10 ± .14 

2.S9 .14 

1.10 

4S 

” (E) 

14 

2.96 ± .22 

2.86 ± .10 

1.14 

48 

Tliionr.'icil 
.12 (E) 

10 

3.20 ± .18 

3.73 .18 

0.80 

46 

.67 (A) 

8 

2.97 ± .16 

3.74 -f- .19 

0.68 

43 

.67 (R) 

12 

3.00 ± .14 

3.4S ± .17 

0.67 

43 

Methionine 

.67 (E) 

10 

2.S6 -1- .19 

3.69 ■+■ .21 

0.78 

44 

.67 (A) 

12 

2.81 ± .10 

3.77 ±.19 

0.74 

45 

2.4 (E) 

S 

2.S9 .22 

3.69 ± ,18 

0.78 

47 

4.8 (R) 

14 

3.02 .23 

3.65 ± .19 ■ 

0.82 

46 ■ 


thiouracil or methionine to the casein diet. 
The data presented in Table III demonstrate 
that methionine increased the nitrogen per 
gram of tissue of the liver and produced an 
over-all increase in liver-nitrogen. Thiouracil 
also increased the total liver nitrogen marked- 
ly, but the increase was due to the increased 
size of the organ rather than to the increased 
nitrogen per gram of tissue. Both methionine 
and thiouracil increased the globulin fraction 
of plasma with little change in albumin and 
decreased the A/G ratio (Table IV). 

Summary. The addition of methionine and 
of thiouracil to the diet of rats altered the 
nitrogen balance index in proportion to the 
level of the compound in the diet. Although 
both methionine in high concentration and 
thiouracil caused a decrease in body weight 
and a reduction in nitrogen balance index, the 


compounds -increased the total liver nitrogen; 
however, methionine increased the nitrogen 
per gram of tissue without affecting the size 
of the organ while thiouracil increased the size 
of the organ without affecting the nitrogen 
per gram of tissue. Both methionine and 
thiouracil increased the size of the thyroid, 
while methionine alone increased the size of 
the kidney. Both compounds increased the 
total plasma proteins by increasing the plasma 
globulin. Both methionine and thiouracil de- 
creased creatine e.xcretion; however, the ef- 
fect of thiouracil is marked in comparison to 
methionine. These data indicate that the 
result of feeding methionine or thiouracil is 
very similar in end result but that the mech- 
anism may not be identical because the re- 
sults are reached through different pathways. 

Received April 27, 1949. P.8.E.B.JI., 1949, 71- 


17274. Replacement of a Portion of the Common Bile Duct with a Segment 
of Uterine Horn. 


Charles M. O’Leary, William T. Snoddy, and Bela Halpert. 

From the Department of Surpenj and the Department of Patlwtoffu, Universitl/ of Oklahoma 
School of Medicine, and Vniversiti/ of Oklahoma Hospitals, Oklahoma Cilii. 


.Attempts at repair are comparatively un- 
successful when the common bile duct is ac- 
cidentalh' so injured that an end-to-end anas- 
tomosis is not feasible. The present studies 
were undertaken to ascertain whether a graf- 


ted tubular structure with independent blood 
suppb'' would maintain its viability and carry 
the bile from the common bile duct to the 
duodenum. Dogs were selected for the e.x- 
periments and the uterine horn was used for 
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used for the grafting. Of 20 dogs surviving 
the operation, 12 died in from 3 to 21 days, 
and the rest were sacrificed between the 4th 
and the 27th weeks folloidng the operation. 
Gross and microscopic studies of the biliary 
system of the latter 8 dogs disclosed that, in 


all, the transplanted segment of the uterine 
horn connected the common bile duct and the 
duodenum without causing permanent severe 
damage to the biliary system. 

Received June 22, 1949. P.S.E.B.M., 1949, 71. 


17275. Observations on Experimental Aortic Anastomosis. 

Frank Glenn, Edward B. C. Keefer, Charles T. Dotter, and John M. Beal. 

(Introduced by J. C. Hinsey.) 

From Department of Surgery, The New Yorh KospitaX, Cornell Medical Center, New Yorfc City. 


The following report is based on observa- 
tions made upon 3 dogs that were subjected 
to end-to-end anastomosis of the thoracic 
aorta at the age of 6 weeks and then studied 
approximately one year after operation. 

Method oj Study. Six young dogs, male 
and female litter mates, were subjected to 
division of the aorta and end-to-end anasto- 
mosis at the site of division at ages between 
6 and 8 weeks. A seventh male dog was op- 


erated on in a similar manner at the age of 
3 weeks. The operations were performed un- 
der intravenous nembutal anesthesia and en- 
dotracheal insufflation. The anastomosis was 
accomplished with a single continuous evert- 
ing mattress suture of No. 00000 arterial silk 
attached to an atraumatic needle. 

Four of these dogs died 22 to 42 
days after operation from intestinal infesta- 
tion. Autopsy in each case revealed the 



Fia. 1. 
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Pio. 2. 

Duodenum (D) nnd trnnsplnnted portion of the rigljt uterijie liorn nre seen from tiie dog 
6 weeks following operation (A left) X 12. Cross section of the uterine horn enlarged (B 
right) X20. ® ' 


Uterine horn that connected it avith the lumen 
of the duodenum. 

.After completion of the gross studies, micro- 
scopic sections were prepared of the liver, 
gallbladder, transplanted uterine segment, 
duodenum, and left uterine horn. 

In the liver there were chronic cholangitis 
and pericholangitis, evidenced by an infiltra- 
tion ndth lymphocytes, plasma cells, and large 
mononuclear cells in the wall of the bile ducts 
and in the surrounding portal connective tis- 
sue. The liver lobules were somewhat di- 
minished in size and in their central portions 
there was some slight increase of the con- 
nective tissue and a decrease in size of the 
liver cells. Many of the bile capillaries con- 
tained inspissated secretion. In the gall- 
bladders of some of the dogs there was slight 
to moderate chronic cholecystitis with focal 
and diffuse infiltrations of the tunica propria 
with chronic inflammatory cells. In all of 
the animals the implanted segment of the 
uterine horn carried the bile from the com- 
mon bile duct to the duodenum. In some in- 
stances, the columnar epithelium covering the 
surface was almost intact. In others, the 


epithelium was intact only in the fundi of the 
glands and a cellular debris covered granula- 
tion tissue that partly replaced the bile stained 
mucosa. Invariably the muscular coats ap- 
peared intact (Fig. 1 and 2). 

Comment. There is no submucosa in either 
the common bile duct or the uterine horn of 
the dog. Of the 2 the uterine horn is the 
sturdier structure. In the human, also, the 
common bile duct and the Fallopian tube have 
no subroucosa. Of these the Fallopian tube 
is usually the more delicate structure. These 
experiments were conducted, not to suggest 
that the Fallopian tube be used as a pedicle 
graft, but rather to ascertain whether a grafted 
tubular structure wdth independent blood 
supply w'ould serve for the passage of bile 
from the common bile duct to the duodenum. 
The evidence herein presented proved that 
this can be accomplished. 

Summary. E.vperiments were conducted to 
ascertain \Yhether a grafted tubular structure 
with independent blood supply would serve 
for the passage of bile from the common bile 
duct to the duodenum. Bogs were selected 
for the experiments and the uterine horn was 
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Fig. 

Plintdinicrogniph of segment of aorta removed from dog 795. Longitudinal section through 
the site of anastomosis. In the upper photograph the site of suture is shonn in the center of 
the photograph, the intimal surface being on the superior surface of the section. In the lovrer 
photograpii the section has been moved to the left in order to show the adjacent aortic wall. 


tion at the suture line but atheromatous 
changes were absent. (Fig. 5) Foreign body 
reaction was apparent immediately adjacent 
to the silk suture and there was scarring at 
the junction. The aortic wall to either side, 
however, was well preserved. Elastic tissue 
stains showed good preserv’ation of the media. 

Disaissiou. Interest in surgical interven- 
tion of coarctation of the aorta has been 
active since the report by Crafoord and Nylin^ 

1 Crufoord, C., nnd Nylin, G., ,7. Thoracic Sura., 
1945, 14, 347. 


of successful e.xcision of the involved segment 
of aorta and anastomosis. Because the average 
age at death of 74% of the people afflicted 
with this congenital lesion has been shown to 
be 30 years,- it is felt that operation should 
be performed before maturity. In addition, 
atheromatous changes in the aorta occur early 
in association with this malformation and ac- 
cordingly it is technically advantageous to 
undertake operation at a relatively earh' age 
before such changes take place. 

-Gross, R. E., .r.J.M.A., 1940, 131), 2So. 
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fiG. 2. 

Dog 795. Angiocardiogram obtained with 16 cc 
of nco-iopax. (Hetouched). 


Femoral pulses were palpable in all 3 
animals and blood pressure recordings ivere 
obtained with a Sanborn electromanometer in 
the carotid and femoral arteries of 2 of the 
dogs. (Fig. 1 and Table I) 

Eleven days after angiocardiography, the 
male dog was subjected to thoracotomy and 
the site of anastomosis removed. The speci- 
men was submitted to the Department of 
Surgical Pathology where sections were made 
longitudinally through the site of anastomosis 
for microscopic stud3c 
Analysis. Angiocardiographic studies dem- 
onstrated in each animal a definite narrowing 
at the site of anastomosis. (Fig. 2, 3. 4) In 
one there appeared to be a slight dilation of 
the aortic arch (Fig. 3); however, there was 



FiO. 3 (left). Dog 797. Angiocardiogram, using 10 cc of 70% diodrast, shows narrowing 
of tlioraeie aorta at site of .aimsfoinosis. Tliere appears to be some dilatation of the arch of 
the aorta. (Ketonciicd). 

Fig. 4 (right). Dog 798. Angiocardiogram showing slight constriction of thoracic aorta. 
14 cc of neo-iopax was used for contrast substance. (Ketouched). 


suture line to be intact and without evidence 
of mural thrombosis. The 3 remaining dogs, 
one male and 2 females, developed normally 
and at the time of these investigations 
weighed 28, 34, 34>4 lb respectively. 

Approximately one year after operation, 
angiocardiographic studies were made. Under 
intravenous sodium pentobarbital anesthesia, 
the left external jugular vein was cannulated. 
Fourteen to 16 cc of neo-iopax was given 
rapidly through the cannula in 2 cases, and 
10 cc of diodrast in the third. Roentgenograms 
were obtained at 0.5 sec. intervals throughout 
the cardiac cycle until the thoracic aorta had 
been visualized. 


no evidence of aneurysmal dilation either 
above or below the narrow area. There was 
no suggestion of compensator}^ collateral cir- 
culation in any case. 

In the dog subjected to thoracotomy, the 
area of constriction was readily visualized 
(Fig. 4). The diameter of the aorta was ap- 
pro.ximately the same above and below the site 
of stenosis. It also appeared that the lumen 
of the anastomotic site was larger than the 
lumen of the aorta had been when the dogs 
were 6 weeks of age. The silk suture was still 
present. (Fig. 5) 

Microscopic examination of the resected 
segment of aorta revealed an intima! prohfera- 
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adult rats was found to be 3 mg/kg but this 
increased to more than 30 mg/kg in rats 
which had been fed for 4 daj's on a diet of 
fox chow to which 4% of ground rape seed 
had been added. 

Experimental. The following is a detailed 
account of the extraction of 4 kg of a typical 
batch of rape seed (variety — ^Dwarf Essex). 

The seed was first ground in a coffee mill 
and then stirred with 3 volumes of ether. The 
ether-soluble oil was inactive. The insoluble 
material (3 kg) was filtered and washed tvith 
ether, dried, and then allowed to stand over 
night in 5 volumes of water. This suspension 
was filtered with suction through coarse paper 
and the extraction was repeated with 4 
volumes of water. The combined aqueous 
solution contained most of the active com- 
ponent. 

This solution was extracted continuously 
with ether for 14 days. The ether-soluble 
fraction consisted of 28 g of yellow oil which 
was highly active. This oil was shaken with 
10 volumes of water which dissolved 75% of 
the total. The remaining material appeared 
to be less soluble in water. The yellow solu- 
tion was filtered and the filtrate (300 cc) 
treated with 200 cc of 10% silver nitrate solu- 
tion. The sticky white precipitate was 
separated by centrifugation, washed twice 
with water, once each with alcohol, acetone 
and ether, centrifuging after each washing. 
The insoluble silver salt appeared to be unsta- 
ble, turning yellow and eventually black if 
allowed to remain in contact with the silver 
nitrate solution. Its stickiness disappeared 
during the water wash, and the resulting 
brittle lumps were broken up with a spatula. 
The dried product was a light-gray amor- 
phous solid insoluble in the common solvents. 
In this state it could be kept at room temper- 


ature for some weeks without appreef 
deterioration. .Analysis of one sample of 
crude material gave the following results. 
Calculated for 

H-2.56 N-5.94 Ag- 


Foand 


C-22.5 II-2.d0 x-eiei 


The solid (18 g) was suspended in 3% 
sodium carbonate solution and decompos^ 
with hydrogen sulfide. The precipitate of 
Sliver sulfide was separated by centrifugation, 


washed once with water and the combined 
aqueous solution was extracted with ether. 
The ether solution was dried with sodium sul- 
fate and the ether removed in vacuo, leaving 
5.5 g of a colorless oil which cmtallized with 
difficulty. It could be distilled (B.P.o.er.-lbO- 
185°C bath temperature) or purified by crys- 
tallization from benzene-ligroin 3:1 (8 cc per 
g) . The recrystallized material melted at 50- 
51°C and gave the following analysis. 
Calculated for 

C^H-ONS: C-46.5 H-5.47 N-10,8 S-24.8 
Found: 0-45.4 H-5.13 N-11.0 S-25.2 

The compound gave a blue color with 
Crete’s reagent,- which changed to green after 
20 minutes and gradually faded. 

Its anti-thyroid activity was tested by feed- 
ing it to immature rats (0,5% in powdered 
fox chow') for a period of 11 days. The re- 
sultant thyroid hyperplasia was slightly less 
than that produced when thiourea was fed at 
a 0.5% level for the same period of time. 

Discussion. variety of mustard oils have 
previously been isolated^^ from plants of the 
Cruciferae family to which Brasska iCopus 
belongs, in some cases by the formation and 
decomposition of a silver salt.*’ However, 
thiourea derivatives have also been found to 
form insoluble silver salts,’’' and the properties 
of the present compound more closeh' re- 
semble those of thioureas than of mustard oils. 

Using the technic of inhibition of uptake 
of radioiodine by the thyroid as a method of 
assay, .Astwood, Greer and Ettlinger" have 
isolated what appears to be the same com- 
pound from rape seed, and hav'e shown that it 
has the structure I. 

CH» — XH 

C=: S 

CHo = CH— CH— (/ 

I. 

2 Williams, R. H.. .Tandoxf, B. ,T., and Kar, 
G. .4., Lab. and Clin. iTcd., 1944, 29, 329. 

•1 G.adamor. J., Bcr. Dent. Chem. Ges., 1897. 30, 
2322. 

* Sclmcidor, W., Clicm. .ib.^1., 1910, 4. 3004. 

•"> Schmid. H., and Karrer, P., Jlclv. Chim. Jein, 
1948, 31, 1017. 

iGadamer, .T., Arch. Phnrm., 1S9.5, 23.3, 040. 

< Astwood, E. B., Greer, M. A,, and Ettlinger, 
jr. G., Science, 1949, 109, 031. 
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The first case reported by Gross was a 5- 
year-old boy® and, in discussing his experi- 
ence with 60 cases recently, whose ages 
ranged from 5 to 30 years, he stated that 
operation should be avoided before 6 to 8 
years of age." Gross indicated that the risks 
in babies and very young children are high® 
because collateral channels are not well de- 
veloped and because the aorta is too small for 
the anastomosis to be accomplished with 
facility. He stated further than “an aortic 
lumen may be established at the anastomosis 
which is satisfactory for a child of a few years 
of age, but it will probably be insufficient in 
size when the person grows to maturity.” 

The e.xperiments reported in this paper 
appear to have some bearing on the latter 
two points. There may be some doubt as to 
the necessity of delaying operation until a 
child is 6 to 8 years old to assure that the 
aorta will be large enough to suture ndthout 
excessive risk. The dogs in this e.xperiment 
were under S lb in weight and less than 8 
weeks old at the time of operation, and yet 
the technical aspects of the anastomoses were 


s Gross, R. E., Surgery, 1945, 13, C73. 


accomplished -ndthout mishap. The 4 fatali- 
ties in the postoperative period were unrelated 
to the operative procedures. 

On the other hand, it would appear that the 
diameter of the lumen at the site of anasto- 
mosis in these dogs did not keep pace in 
growth with the rest of the aorta. This would 
support the view that surgical intervention 
for coarctation should be deferred until the 
lumen of the aorta is large enough in diameter 
to insure adequate size as the individual 
grows to maturity. To be sure, a single 
continuous suture was used for the anasto- 
mosis which might have some bearing on the 
formation of the constriction. 

Summary. Seven young dogs between the 
ages of three and eight weeks were subjected 
to end-to-end anastomosis of the thoracic 
aorta. Three of these dogs survived and have 
been studied approximately one 3 'ear after 
operation to determine the status of the site 
of anastomosis. 

Narrowing of the aortic lumen at the suture 
line was demonstrated in each animal by 
angiocardiographic methods and also in one 
at thoracotomy. 

Roceired July 11, 1949. P.S.B.B.M., 1940, 7l! 


17276. Isolation of an Anti-thyroid Compound from Rape Seed (Brassica 
Napus). 


K. K. Carroll. (Introduced by J. B. Collip.) 

From the Department of Medical Research, University of VTestern Ontario, London, Ont., Can. 


In a study of the toxic reactions produced 
in rats by phenylthiourea and a-naphthyl- 
thiourea (ANTU), it was found that rats 
which had been pretreated with anti-thyroid 
compounds or fed on certain goitrogenic 
diets developed a marked resistance to these 
toxic compounds.! -phis effect has been used 
as an assaj' method in the extraction of a 
goitrogenic compound from rape seed. 

Materials and methods. Adult Sprague- 
Dawley rats of either sex were used in assay- 

“Tto^diTK. K., andlf^WrR- L., Fed. Proc., 
1949, 8, 22. 


ing the rape seed fractions. Crude fractions 
were tested by mi.xing them with the normal 
diet of fox chow and feeding for 4 dai's, fol- 
lowing which the rats were injected intra- 
peritoneallj' with 30 mg/kg of phenylthiourea. 
More refined fractions were dissolved in 
water and given in a single subcutaneous injec- 
tion, followed 24 hours later by 20 mg/kg of 
phenylthiourea intraperitoneaily. Survival of 
the rats for more than 48 hours after ^e 
toxic dose was used as the criterion of activity 
in the extracts. 

The normal LD SO of phenylthiourea for 
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TABLE I. 


Effect of 

.Administration of Various Amino Acids, Saline and Sodium Bicarbonate on Level of Gluta- 
mine in Blood Plasma. 

Babbit 

No. 

Wt., 

hg 

Substance 

administered 

Amino acid nitrogen in plasma, 
mg per 100 ml 

Glutamine in plasma, 
mg per 100 ml 

Before 

30 min. 

60 min. 

Before 

30 min. 

60 min. 

1 

3.1 


7.0 

14.4 

10.2 

6.0 

8.9 

6.8 

O 

3.4 

dl-alanine 

5.9 

14.S 

12.7 

7.2 

10.4 

10.0 

3 

3.5 


6.5 

16.8 

13.4 

7.1 

9.4 

8.4 

4 

4.0 


8.4 

19.0 

13.2 

8.8 

12.7 

10.5 

5 

4.4 


6,9 

14.3 

12.8 

7.3 

11.1 

9.0 

6 

4.0 


G.8 

14.7 

11.0 

7.5 

11.2 

10.3 

Average 

3.73 


0.9 

15.7 

12.3 

7.3 

10.0 

9.3 






Fislier ’s “ t ” 13.0 

0.43 





(8.8) » 

(5.4) 

P 

<0.01 

<0.01 

7 

3.9 


5.2 

17.4 

14.4 

0.1 

S.3 

8.3 

s 

3.9 


7.4 

1S.2 

15.3 

7.5 

9.3 

9.5 

9 

4.1 

glycine 

7.7 

18.7 

15.5 

8.1 

9.0 

9.3 

10 

3.8 


G.9 

16.8 

15.2 

11.4 

12.5 

10.9 

11 

3.6 


G.6 

14.1 

10.5 

7.4 

7.7 

S.2 

12 

4.1 


6.0 

14.6 

11.5 

S.O 

10.1 

8.7 

Average 

3.9 


0.7 

16.0 

13.7 

8.1 

9.0 

9.2 






Pisber's“t” 4.67 

4.34 





(9.9) 

(7.0) 

P 

<0.01 

<0.01 

13 

3.4 


7.8 

19.5 

17.1 

7.0 

8.1 

S.3 

14 

4.0 


6.3 

21 2 

10.7 

7.4 

S.l 

9.3 

15 

4.2 

^-alanine 

0.1 

19.0 

14.9 

5.8 

8.5 

S.O 

le 

4.3 


7.1 

21.1 

17.6 

9.5 

10.0 

10.1 

17 

4,2 


0.9 

21.7 

10.3 

8.7 

8.5 

S.7 

IS 

3.C 


0.9 

21.2 

18.9 

8.4 

9.2 

8.8 

Average 

3.93 


0.7 

20.7 

10.9 

7.9 

8.5 

8.9 






Fisher’s “t” 2.35 

3.01 





(14.0) 

(10.2) 

P 

>0.05 

<0.05 

19 

4.4 


0.0 

6.6 

6.4 

S.O 

7.8 

6.5 

20 

4.2 


7.4 

6.8 

6.6 

8.4 

7.6 

8.1 

21 

3.5 

Sodium 

7.2 

6.8 

6.0 

7.0 


8.5 



bicarbonate 








4.0 


0.9 

6.2 



9.8 

8.6 

8.7 

23 

4,4 


7.2 

7.2 

7.1 

7.0 

7.S 

8.0 

24 

3.S 


0.4 

7.0 

7.3 

8.3 

7.2 

s.s 

Averjige 

4.05 


0.7 

6.8 

0.8 

8.2 

7.8 

8.1 






Pislier ’s “ t ” 

' 1.71 

0,160 


Sfi 

27 

2S 

29 

30 


3.9 

4.1 

4.5 

3.9 

2.4 

3.5 


Snlinc 


Average 


represent 

nmiao .acid nitrogen per 100 ml of plasma. 



(0.1) 

(0.1) 

P 

>0.1 

>0.8 

0.4 

0.3 

0.0 

c.c 

7.0 

6.1 

6.7 

0.1 

6.3 

7.7 

7.1 

7.7 

0.4 

6.3 

0.3 

6,5 

0.3 

5.6 

0.9 

6.S 

0.9 

0.9 

7.2 

7.4 

5.9 

5.5 

0.1 

5.0 

5.1 

5.5 

5.9 

6.4 

Ow 

5.9 

6.0 

0.0 

0.4 

6.2 

0.2 

0.4 

0.4 

0.4 


(0) 

(0) 

Fislier ’s “ t ' ^ 
P 

.200 

>0.8 

.09 

>0.9 


above the initial level, of the average level of 


small number of experimental animals showed 
that the increments obtained were highly sig- 
nificant for both periods with P < 0.01. 


Glycine. The administration of glycine pro- 
duced an average rise in the level of gluta- 
mine of 1.5 mg for the 30 minute period and 



624 


Amino Acids on Level of Glutamine 


Their experiments indicated that the anti- 
thyroid activity of this compound in humans 
is comparable to that of 6-n-prop3dthiouracil. 

Sminnary. A new method for the detec- 
tion of compounds which have anti-thyroid 


activity is described. This method has been 
used to isolate a crystalline anti-thiToid com- 
pound from rape seed having the empirical 
formula C5H7ONS. 

deceived July 7, 1049. P.S.E.B.M., 1949, 71. 


1^2/7. Eflfect of Ainino Acids and Sodium Bicarbonate on the Level of 
Glutamine in Blood. V. 


IMever M. Harris and Ruth S. Harris. 

From Department of Internal ^feihcine, Xew Tori Stale Psychiatric Institute, Xcir Tori City. 


In a previous publicatioiri we reported on 
the depressing effect of glucose and insulin 
administration on the level of glutamine and 
amino acids in the blood plasma and some of 
the possible mechanisms involved in produc- 
ing this effect were discussed. In a subse- 
quent publication- it was shown that this was 
not due to a mere diffusion of amino acids 
and glutamine into the tissues as had been 
suggested b.v Hamilton.® 

In this paper we wish to report the effect 
of the intravenous administration of some 
amino acids, sodium bicarbonate and physio- 
logical saline solution on the level of gluta- 
mine in the blood plasma of rabbits. 

Procedure and methods, hlale rabbits, IS 
hours post absorptive, were used for these 
e.xperiments. Six animals were used for each 
substance which was tested. The amino acids 
and sodium bicarbonate were made up as a 
10 percent solution in distilled water and 
10 ml or the equivalent of I g of substance 
per 3 kg of body weight was administered 
intravenously. The saline solution was ad- 
ministered in quantities of 10 ml. Since the 
rabbits were very similar in weight (Table I) 
the volumes varied by only one or two ml. The 
rabbits were bled from the marginal vein of 
the ear just before injection and 30 and 60 

1 Harris, 51. 51., Rotli, B. T., and Harris, E. S., 
J. Clin. Invest., 1943, 22, 577. 

2 Harris, 51. 51., .nnd Harris, B. S., Proc. Soc. 
E.xp, Biol, .ind 5tED., 1947, 64, 471, 

3 Hnniiiton, P. B,, J* Biol. Chem., 1945, 1,>S, 
397. 


minutes after injection. .About 12 ml of 
blood were drawn at each bleeding into tubes 
containing sodium o.xalate to prevent coagula- 
tion. The blood was immediately centrifuged 
for about 10 minutes and the plasma ivas used 
for the determination of total amino acids 
and glutamine. The amino acids were de- 
termined colorimetrically by Russell’s modifi- 
cation of Frame’s method'* and the glutamine 
by our method as described in a previous pub- 
lication.® The determinations were carried out 
in duplicate or triplicate and statistical analy- 
sis of the data showed that the variations be- 
tween duplicate determinations were negligi- 
ble. 

Observations. It will be seen from Table 
I that the initial level of glutamine in the 
post-absorptive state bore no relation to the 
level of the total amino acids during this 
period. 

dl-.Alaninc. Following the intravenous ad- 
ministration of dl-alanine there was a marked 
rise in the level of glutamine in the first 30 
minutes. This amounted to an average incre- 
ment of 3.3 mg per 100 ml of blood plasma. 
.Although the level tended to decrease in the 
follorving 30 minutes it still was above the 
initial level by an average of 2.0 mg. Statis- 
tical analysis by Fisher’s “t”® meth od for a 

■t Bussell, J. F., J. BioTciieiZTl^^ilili. 407. 
r. H.iiris, 5t. .M., BoD), E. T., .ni<i Harris, R. S., 

J. Clin. Invest., 1943, 22, 509. 

r. 51ainlaiitl, B-, Treatment of CImica! and Lab- 
oratory Data- r- I'tb Otirer and Boyd, London, 
193S. 
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The results of both methods of analysis (un- 
adjusted averages and “adjusted means”) 
were essentially similar. (Table II) 

It -will be noted that the most marked, 
effect was obtained from the administration 
of dl-alanine and lesser effects were produced 
by glycine and jS-alanine in this order. Since 
the average values for the initial level of glu- 
tamme of the groups of animals used for the 
administration of sodium bicarbonate and 
saline, which may be considered as the con- 
trols, consisted of both a high and low 
■average value, this also acted as a control for 
the effect of the variation in the initial level 
of glutamine. 

Discussion. It will be noted that the incre- 
ment in the level of the amino acid nitrogen 
after 30 and 60 minutes remained much 
higher following the administration of /3-alan- 
ine than that of dl-alanine. This probably 
indicates that the latter entered the metabolic 
processes of the tissues more rapidly and is in 
keeping with the more marked effect on the 
level of glutamine produced by it.' 

Christensen and his coworkers^ have re- 
ported that the oral administration to guinea 
pigs of various a-amino acids, except glutamic 
acid, ■will produce a rise in glycine in the 
plasma -with a decrease in the ratio of the 
concentration of glycine in the liver and 
muscles to that in the plasma. This was 
interpreted by them as due to competitive 
inhibition between some of the amino acids 
for the means by which the cells concentrate 
amino acids. However, from a recalculation 
of their data it is apparent that although the 
distribution ratio for glycine fell the actual 
concentration of glycine in the liver cells 
rose above the fasting level in some cases. It 
would seem that the rise in the level of glycine 
in the plasma could be interpreted as result- 
ing from a marked production or accumula- 
tion of glycine accompanied by an increased 
burden placed upon the concentrating power 
of the liver cells. The authors give no data 
regarding glutamine except that following the 
administration of glutamate which resulted 
in an increase in glutamine production. 

» Christensen, H. N., Streicher, J. A., and El- 
WnRer, E. L., J. Biot. Cfiem., 194S, 172, 515, 


If the claims of Christensen and his co- 
workers are correct, it is possible that the rise 
in the level of glutamine in the plasma may 
be due to a displacement of glutamine from 
the tissues by dl-alanine or glycine. We are 
inclined to beliei'e, however, that this is 
probably due to an increased production of 
glutamine. l-.Alanine is known to play an 
important role in the transamination of glu- 
tamic acid to 1-alanine (glutamic acid -j- 
pyruvic acid <-> alanine ketoglutaric acid). 
An increase in the supply of alanine would 
tend to reverse this reaction and thus hinder 
transamination and favor amidation. Braun- 
stein*° has indicated that there is an interre- 
lation between transamination and amidation 
and where transamination is decreased ami- 
dation or glutamine formation is increased 
and vice versa. Since glycine, as far as is 
known, does not enter into transamination 
mechanisms the process whereby it produces 
a rise in the level of glutamine requires further 
elucidation. It is possible that it may result 
from the amidation of free ammonia liberated 
by the amino oxidase of glycine. Various in- 
vestigators'^’’^ have indicated that amidation 
is probably an important means whereby 
ammonia is rapidly fixed by the formation of 
glutamine in the animal organism. 

In connection with our observations it may 
be of interest to call attention to the recent 
findings of Awapara and his coworkers’- that 
the dicarboxylic amino acids are decreased and 
alanine is increased in the liver of adrenal- 
ectomized rats given 17 h 3 'droxydehydrocorti- 
costerone (Compound E of Kendall). 

Summary. Studies were carried out regard- 
ing the effect of the intravenous administra- 
tion of dl-alanine, glycine, /3-alanine, sodium 
bicarbonate and saline on the level of gluta- 
mine in the blood of rabbits. dl-Alanine was 
found to produce a marked rise in the level of 
glutamine. Glycine produced a smaller and 
/3-alanine the smallest rise. Sodium bicar- 

10 Braunstein, .A. E., .-tdrances in Protein Chem- 
istry, Vol. 3. p. 1, -Academic Press. Inc., New York, 
1947. 

11 Krebs, H. .A.. Biochem. J., 1935, 29, 1951. 

12 Awapara, J., Marvin. H. N., and AVclls, B. B., 
Etidoc., 1949, 44, 378. 



626 


Amno Acids on Level of Glutamine 


1.1 mg for the 60 minute period. The “t” 
values for both periods were significant with 
P < .01. Only one of the 6 animals, (No. 
10) showed a slight drop below the initial 
level in the 60 minute period. 

^-Alanine. Following the administration of 
;8-alanine there was an average rise in the 
level of glutamine of 0.6 mg in the 30 minute 
period and 1.0 mg after 60 minutes. The “t” 
value was not significant for the 30 minute 
period but was significant for the 60 minute 
.period. The value of P was greater than 
0.05 for the former and less than 0.05 for the 
latter period. 

Sodium Bicarbonate and Saline. There was 
a slight drop in the average level of glutamine 
follonnng the administration of sodium bicar- 
bonate and no change following saline. The 
“t” values, however, were not significant for 
any of the periods. 

Total Amino Acids Nitrogen. The average 
values of the total amino acid nitrogen in 
the different groups were very similar in the 
initial period before injection. Following the 
injection of saline and sodium bicarbonate the 
average values remained practically un- 
changed in the 30 and 60 minute periods. 
The administration of the various amino 
acids resulted in a rise in the level of the 
total amino acid nitrogen in the plasma 
which remained elevated with a tendency to 
fall in the second 30 minute period. The 
smallest rise occurred with dl-alanine and the 
highest rise occurred with j3-alanine. 

Statistical Analysis. The data were ana- 
lyzed by Fisher’s “t” method and the P values 
for significance were determined from Fish- 
er’s table. Any values of P equal to or less 
than 0.05 were considered significant. 

Owing to the fact that the initial average 
level of glutamine in the plasma was not 
the same for the various groups, the data were 
analyzed by the method of variance and co- 
variance by which statistically “adjusted 
means’’^-® are obtained. 

7 Eider P. H., Introduction to Jlodern Statis- 
tical Metliods, Analysis of Covariance, p. 150, 
John Wiley and Sons, Inc., New York, 1939. 

SSnedecor, G. W., Statistical Methods, p. 116, 
215, 318, Iowa State College Press, Ames, Iowa, 
1946. 
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TABLE I. 


Effect of Administration of Sodium Benzoate on the Level of Glutamine in the Blood. 


Ealjbit 

Xo. 

vet, 

H 

Subst.ince administered^ 

Time, 

min. 

Glutamine 
in plasma, 
mg per 100 ml 

Amino acid 
nitrogen 
in plasma, 
mg per 100 ml 

Blood sugar, 
mg per 100 ml 

1 

2.5 

0.25 g benzoic acid in 

0 

8.0 

9.4 

132 



S ml water 

30 

6.3 

8.7 

155 




60 

6.S 

9.1 

220 

o 

2.6 

0.25 g benzoic acid in 

0 

7.9 

10.0 

118 



8 ml water 

30 

5.9 

9.7 

124 




60 

6.0 

10.1 

152 

3 

2.9 

0.25 g benzoic acid in 

0 

8.6 

9.9 

126 



5 ml water 

30 

6.5 

9.8 

218 




CO 

6.6 

9.2 

260 

4 

2.9 

0.5 g benzoic acid in 

0 

7.5 

10.5 

118 



10 ml water 

30 

0.5 

9.8 

148 




60 

7.5 

10.0 

172 

5 

2.9 

0.75 g benzoic acid in 

0 

8.0 

8.0 

113 



10 ml water 

30 

7.3 

7.3 

JOO 




60 

6.9 

6.9 

119 

c 

2.9 

0.75 g benzoic acid in 

0 

8.3 

7.8 

ino 



10 ml water 

30 

7.3 

7.3 

134 




60 

6.9 

7.3 

163 

7 

4.2 

2.0 g in gelatin capsules 

0 

8.1 

7.2 





-|- 15 ml water (orally) 

to 

5.7 

7.1 

95 




175 

6.1 

7.4 

96 

Huma 

n subject 

5.9 g sod. benzoate in 

0 

6.6 

9.1 

89 


59.1 

capsules -|- 200 ml 

45 

7.0 

8.5 

77 



water 

So 

6.0 

8.4 

84 




135 

4.8 

8.7 

92 

8 


Xo treatment 

0 

8.3 

9.0 





30 

8.4 

9.0 





60 

8.1 

9.4 




Saline controls, avg. 

0 

6.4 

6.3 

101 



for 6 animals 

30 

0.5 

6.2 

105 



see previous paper 

60 

6.5 

6.2 

109 


Sodium benzoate was administered intravenously except wiierc otlierwiso indicated. 

It J analysis of the effect of the intravenous administration of sodium benzoate gave a Fisher 
cn C.30, with P <0.01 for the changes in the level of glutamine for tlie 30 and 

) min. periods respectively, which is highlv significant. The corresponding changes in the level of 
ammo acid nitrogen gave a Fisher “t” value of 2.03 with P >0.05 and l.Sl with P >0.1 which were 
not statistically significant. 


in some of the experiments that the rise was 
due in part to an increase in a reducing sub- 
stance which did not undergo glycolysis and 
■nas undoubtedly due to glycuronic acid. 

Sodittm benzoate was administered oralh' in 
capsules to one rabbit and one human female 
subject in doses of 2.0 g and 5.9 g respectivelv. 
The level of glutamine dropped markedly in 
both cases. However, the level of amino acid 
nitrogen remained practically unchanged in 


the rabbit. In the human subject the gluta- 
mine level dropped 27% and the total amino 
acid nitrogen only about 4% at the end of 
135 min. after the administration of sodium 
benzoate. The “blood glucose’’ showed very 
little change in both cases and in fact was 
slightly lower in the human subject after 45 
minutes. 

Discussion. It is claimed that benzoic acid 
is detoxified by forming a glycuronide in the 
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bonate and saline produced no rise in the authors are indebted to Dr. Joseph Zubin 

average level of glutamine in the group of h’S advice .und aid in the statistical analysis of 
animals. flata. 

Received .Tune 21, 1919. P.S.E.B.hl., 1919, 71. 


17278. Effect of Administration of Sodium Benzoate on the Level of Glu- 
tamine in Blood. VI. 

Meyer M. Harris and Ruth S. Harris. 

From Dcpartmeni of Jmernol MeHicine, Few Fork State Fsycldatric Institute, iTffdf Fork City. 


In previous publications we reported on the 
effect of the administration of insulin, glu- 
cose,^ amino acids and sodium bicarbonate^ 
on the level of glutamine in the blood. It was 
suggested that the effect of insulin in 
lowering the level of glutamine in the blood 
might be due, in part, to the depression of 
o.vidative deamination of amino acids by- 
insulin. Since it has been reported that ben- 
zoic acid depresses the oxidation of d-amino 
acids® and other intermediary metabolites-*-® 
the effect of its administration on the level of 
glutamine was investigated. 

Procedure and methods. Male rabbits in 
the post absorptive state were used for these 
studies. The effect of the administration of 
sodium benzoate was studied also in a normal 
human female subject. The benzoate was 
administered either intravenously or orally as 
indicated in the table. Blood was collected in 
tubes containing sodium oxalate and the plas- 
ma separated by centrifugation. Glutamine 
was determined by the method described in 
a previous publication.® The total amino 
acids were determined by the method of Si- 

1 Harris, H. M., Roth, E. T., and Harris, K. S., 
J. Clin. Invest., 1943, 22, 577. 

2 Harris, M. M., .and Harris, E. S., Proc. Soc. 
Exp. Biol, and Med., preceding paper. 

3 Klein, J. R., and Kamin, H., J. Biot. Chem,, 
1941, 138, 507. 

i Griffith, W. H., Proc. Soc. Exp. Biol, and 
Med., 1937, 37, 279. 

ajowett, M., and Qu.-!stel, J. H., Biocliem. J., 
1935, 29, 2143 and 2159; Quastel, J. H., and 
Wheatley, A. H. M., Hid., 1935, 39, 2773. 

0 Harris, M. M., Roth, E. T., and Harris, E. S., 

J. Clin. Invest.. 1943, 22, 5G9. 


monelli.'- The blood sugar (total reducing 
substance) was determined by the Folin-Wu 
method® which includes other non-glucose re- 
ducing substances. In some cases the blood 
was allowed to glycolize at 37°C overnight 
in order to determine the change in non-glu- 
cose reducing substances. 

Observations. Doses of 0.25 g, 0.5 g, and 
0.75 g of benzoic acid neutralized with sodium 
hydroxide and injected intravenously pro- 
duced a fall in the level of glutamine in the 
plasma both in the 30 min. and 60 min. 
period after injection. The extent of the fall 
varied in different animals and was not re- 
lated to the size of the dose of benzoic acid. 
Statistical analysis of the fall showed that the 
drop was statistically significant for both 
periods (see table). 

The level of the total amino acid nitrogen 
in the blood plasma tended to fall in all 
animals; however, this was negligible in some 
animals. The extent of the change in the 
level of glutamine was not parallel with the 
changes in total amino acid nitrogen. Tie 
blood sugar (total reducing substances) also 
rose in all the animals which received benzoic 
acid intravenously. The extent of the rise 
also was variable and two of the animals 
which showed the most marked rise (Rabbits 
nos. 1 and 3) in the “blood sugar” received 
the smallest dose of benzoic acid. By incubat- 
ing the blood at 37°C overnight it was found 

Pulfricli Photometer, by AV. Krebs, p. -4, Carl 


Zeiss, JTena. 

sPoiin, 0., .oiifl W'b ff., I. 
41, 367. 


Shi. Clicm., 1920, 
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17279, Aureomycin in Experimental Polyarthritis %vith Preliminary Trials 
in Clinical Arthritis.’*! 

WiLUAsi C. Kuzell, Grace IVI. Gardner, and De Lorez ]M. Fairley. 

'From the Department of Fharmacnlogp and Therapeutics, Stanford University School of 
2[cdicine, San Francisco, Calif. 


A polyarthritis of rats can readily be re- 
produced by intraperitoneal or intravenous 
injection of broth cultures of the Li strain 
of pleuropneumonia-like organism. This ex- 
perimental polyarthritis has been used as a 
means of making chemotherapeutic trials.^"^ 
In man pleuropneumonia-like organisms have 
repeatedly been isolated from the genitour- 
inary tract and “may be related etiologically 
to an acute infectious type of arthritis and to 
Reiter’s syndrome.”^ Dienes has isolated 
L type cultures from many Gram negative 
bacilli and several large Gram positive ba- 
cilli,® although thus far no one has reported 
isolation of such forms from streptococci. Un- 
fortunately these microorganisms are species 
specific as far as their pathogenicity is con- 
cerned so that human strains do not produce 
infections in animals. While the polyarthritis 
of rats is not the same disease as rheumatoid 
arthritis in man, the course of both is favor- 
ably altered by the use of gold salts. In the 
rat the arthritis may be prevented by the 
intramuscular injection of gold at the time 
of infection, or after the arthritis is developed, 
treatment with gold ivill promote healing more 

* Tfvis work was supported, in part, liy the Office 
of Naval Itcscarcli, I". S. Navy Departiiieiit, and, 
in part, hy the Stern and Bullard Funds for Ex- 
perimental Arthritis. 

1 The aureomycin was supplied by Eedorle 
Eaboratories Division of the American Cyanamid 
Company, Pearl River, N, Y. 

1 Tripi, H. B., and Kurell, tV. C.. Stanford ited. 
Dull., 1947, 5, ns. 

-iindtay, G. M., Atackenr-ie, R. D., and Mac- 
Callum, F. 0., Drif. ,T. F.jrp. Path., 1940, 21, 13. 

a Sabin, A. B,, and Warren, J., Science, 1940, 

»2, r.a.-,. 

4 Dienes, L., Ropc.s, M, w., .Smith, W. E., 
Madotr, S., and Bauer. W., Xcic England ,1. Med., 
194S, 2i?«. 509 and 503. 

® Dienes. L., Pnoc. Soc. Exp. Biol, .vxd Med., 
1949, 71, .30. 


rapidly- than in untreated controls.^ Our 
effort in the chemotherapy of this rat arthritis 
has been directed toward finding agents which 
might be as effective as gold, but less toxic, 
for possible trials in rheumatoid arthritis of 
man. The new antibiotic, aureomycin, has 
proved to be successful in this experimental 
polyarthritis. 

Methods. .A.ureomycin was given to the 
infected rats by stomach tube, by subcutan- 
eous injection, or by mixing with the diet. 
The effect of aureomycin both as a preventive 
and a curative agent was evaluated. Scoring 
was designed to include the per cent incidence 
of arthritis in each group of white rats tested, 
and the per cent survival. The extent of the 
joint involvement was evaluated according to 
a modification of the arthrogram of Sabin 
and Warren® which assigns a numerical value 
of 4 to each front leg and 5 to each hind leg, 
giving a total of 18 points per animal assum- 
ing maximal joint involvement of all joints. 
The average arthrogram scores were deter- 
mined by adding the total scores for each 
group and dividing by the number of animals 
in the group irrespective of per cent incidence 
of arthritis. 

The microbe was cultured according to a 
method described by Tripi and KuzelF in 
a broth culture which is a buffered yeast-ex- 
tract try'ptose base enriched with 20% filtered 
horse serum. Table I shows the protective 
effect of aureomycin given coincident with the 
intraperitoneal injection of 2 cc of a broth 
culture of the microorganism or shortly there- 
after. 

Results. When 0.1% or 0.3% aureomycin 
rras mixed with the ground Purina dog chow 
complete protection of all animals occurred 
(Table I). When aureomycin was adminis- 

e Tripi, H. B., G.irdncr, G. M., .ind Kuzell, W. C., 
Paoc. Soc. Exp. Bioi,. -vxd Med.. 1949, 70, 45. 
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rabbit and hippuric acid in man. If this is 
so, it would mean that the level of glutamine 
is depressed irrespective of the mode of de- 
toxification used by the animal organism. It 
is interesting to note the variable effect of the 
administration of benzoic acid on the level 
of the total amino acids and the total reduc- 
ing substances in the blood. Although glycine 
was ivithdrawn from the metabolic mixture as 
hippuric acid in the experiment on the human 
subject (several grams of crystalline hippuric 
acid were isolated from her urine), still the 
level of the total amino acids in the blood 
was lowered to no greater extent than in 
some of the rabbits. These variable effects 
in the different animals suggest that variable 
metabolic changes, besides that involved in 
the formation of benzoyl glycuronide, proba- 
bly occur in different rabbits. The fall in 
the level of glutamine may be due, in part, 
to the inhibition of the oxidative deamination 
of amino acids beside the inhibition of other 
oxidative processes.'*-*’ This would reduce 
the supply of nitrogen for amidation. Ho-w- 
ever, where there was a fall in the level of 
the total amino acids in the blood it is possible 
that certain amino acids were withdrawn from 
the metabolic mixture thus reducing the sup- 
ply of nitrogen for amidation. The inhibition 
of deamination alone should tend to raise the 
level of the amino acids in the blood. Since 
in some cases the level of glutamine was de- 
pressed without any significant change in the 
level of the total amino acids (Rabbits nos. 
2, 3 and 7) it is possible that the process of 
amidation was directly depressed. 

Christensen and his co-workers” claim that 
special mechanisms are present in cells for 

0 Christensen, H. N., Streicher, J. A., and 3E1- 
binger, K. L., J. Biol. Cliom.f 1948, 172, 515. 


concentrating amino acids and that in the 
presence of high concentrations of amino acids 
there is competition between the various 
amino acids for these mechanisms. If the 
depression in the level of glutamine in the 
plasma were due to a shift of glutamine into 
tissue cells due to the removal of glycine by 
conjugation with benzoic acid then one should 
obtain a significant drop in the level of the 
total amino acid nitrogen in the plasma. This 
did not occur in a number of experiments. 
Furthermore, the statistical analysis indicated 
that the changes in the level of amino acid 
nitrogen were not significant while those for 
glutamine were highly significant (see addi- 
tional discussion in previous paper and table). 
This problem requires further study. 

It is of interest to note that the smaller 
doses of sodium benzoate (Rabbits nos. I and 
3) produced the most pronounced rise in blood 
sugar (total reducing substances). The rea- 
son for this effect is not apparent at the 
present time. 

Summary and conclusions. 1) Sodium ben- 
zoate administered intravenously and orally 
to rabbits and one human subject was found 
to depress the level of glutamine in the blood 
plasma. 

2) The intravenous administration of 
sodium benzoate produced a rise in the total 
reducing substances in the blood which was 
highest with the smallest doses of benzoate, 

3) The changes in the glutamine level were 
not related to either the change of the total 
amino acid level or the level of total reducing 
substances in the blood. 

4) It is suggested that amidation may be 
either directly or indirectly depressed by the 
administration of sodium benzoate. 
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TABLE II. ■ 

Curative Effect of Aureomycin in Pol}-artliritis of Bats. 




Incidence of arthritis 

Avg arthrogram score 


No. of 
animals* 

r 

Pretreatment, 

% 

4 days after 
aureomvein, 
7c ‘ 

Pretreatment 

4 days after 
aureomycin 

100 mg aureomycin per 
kg subcutaneously on 
7th and 8th days 
after infection 

20 

o5 

5 

1.6 

O.lo 

Untreated controls 

20 

66 

73 

1.3 

1.35 


* The average body Tveight in botli groujrs was 75 g. 


tration of the drug. The untreated controls 
showed no measurable level of the antibiotic. 

Preliminary clinical trials were made in 4 
advanced cases of rheumatoid arthritis which 
had responded unsatisfactorih'- to several 
therapeutic agents, and one early case using 
2 g aureomycin dailjr by mouth for 1 month. 
Two patients noted an improvement in appe- 
tite, and one patient had to discontinue the 
medication on the third day due to a marked 
gastrointestinal upset. None of these cases 
showed any improvement in range of motion 
of affected joints and 3 of them developed 
increased pain and swelling while under treat- 
ment. One case of Reiter’s syndrome respond- 
ed dramatically, gaining 6 lb during the 
first week of treatment and losing all joint 
pain, .^t the end of one month he showed no 


more joint swelling. His blood sedimentation 
rate (Wintrobe [Method) decreased from 40 
m.m to 12 mm per hour in 2 weeks. 

Summary. 1. The addition of aureomycin to 
the diet, subcutaneous administration, and 
gastric intubation of the antibiotic prevented 
and cured e.xperimental polyarthritis of rats 
due to the L4 strain of pleuropneumonia-like 
organism. 

2. In vitro aureomycin prevented growth 
of the microbe in broth. 

3. In preliminary clinical trials, several 
patients with chronic rheumatoid arthritis 
who responded unsatisfactorih- to several 
therapeutic agents also failed to respond to 
aureomycin. 

Kveeived July 7, 1919. P.S.E.B.M., 19-19, 70. 


17280. Effect of Incubation on the Cholesterol Partition in Human Serum. 

Kenneth B. Turner and Virginia Pratt. 

From the Department of Medicine, College of Physicians and Surgeons, Columbia University, 
and the Presbyterian Hospital, Hew York City. 


Sperry' reported that the incubation of 
blood serum or plasma from normal human 
subjects resulted in a decrease in the amount 
of free cholesterol present without a change 
in -the total cholesterol. It was concluded 
that esterification of some of the free choles- 

' This investigation was supported by Kcsearch 
Grant No. 1139 from tlic National Heart Institute, 
U. S. Public Health Service. 

I Sperry, W. M., J. Di„j, chem., 1935, 111, 4«7. 


terol had taken place and that this had come 
about through the action of an enzyme, as the 
process was abolished by heating the serum 
to 55-60° prior to incubation. If this esteri- 
fication of cholesterol in vitro were the result 
of enzymatic actit'it}^ it seemed possible that 
the enzyme might be absent or present in re- 
duced amounts in the peripheral blood of pa- 
tients with an abnormallj’- low cholesterol 
ester fraction in the serum. This would 
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TABLE I. 

Prerentire Effect of Aureomycm in Polyaithtitis of Eats. 


% aureomycin 
in diet 

Ho. of 
animals^ 


Procedure 

Incidence of 
arthritis, 

% 

Avg 

arthrogram 
score . 

Survival, 

% 

0.3 

20 

Aureomj-cin added on day of 
infection and continued 
for 7 days 

0 

0 

100 

0.1 

20 

Aureomycin added on day 
following infection and 
continued for 11 days 

0 

0 

100 

0.05 

26 

Aureomycin added on day of 
infection and continued 
for 14 days 

15.0 

0.07 

100 

0 

10 

Intubation ’ 
dose 

50 mg/kg j 

1 Aureomycin given 

1 by stomach tube 
f (single daily dose) 
for 2 days fol- 

20.0 

0.4 

100 

0 

10 

20 mg/kg ] 

1 lowing infection 

20.0 

0.38 

100 

0 

10 

Single dose of aureomycin 
(100 mg/kg) subcutaneously 
on day of infection 

20.0 

0.30 

100 

0 

76 

■Untreated controls 

77.4 

2.41 

06 


* T)io average veight of the groups at the beginning vras C7 to 75 g. 


tered by stomach tube to fasting animals in 
single daily doses of SO mg per kg for 2 days, 
there was an incidence of 20^0 arthritis with 
an average arthrogram score of 0.4, while the 
incidence among the controls was nA%, 
and the average arthrogram score was 2.41, 
the survival rate being 96%. A single dose 
of aureomycin, 100 mg per kg, given subcu- 
taneously on the day of infection gave an 
incidence of 20% and an average arthrogram 
score of 0,3, compared to a much higher 
value (2.41) for the controls (Table I). 

The curative effect was evaluated by giving 
aureomycin 100 mg per kg subcutaneously on 
the 7 th and 8th days after the infection was 
begun and at a time when there was a 55% 
incidence of arthritis. The crude aureomycin 
being quite acid caused local necrosis, so fur- 
ther injections were not given. In 4 days the 
incidence of arthritis had fallen from 55 to 
5% in the treated group while it had increased 
from 66 to 73% in the controls (Table II). 
At the same time the average arthrogram score 
for the treated animals had decreased in 4 
days from 1.6 to 0.15 while in the controls it 
had increased from 1.3 to 1.35, At the outset 
'there was a less severe degree of arthritis in 


the controls, the drug being tested against a 
more severe arthritis, yet the outcome was 
more favorable. 

In vitro, a concentration of 2 /xg aureomy- 
cin per cc of the broth permitted questionable 
growth of the microbes in 24 hours and 
definite growth in 48 hours as estimated by 
the turbidit}'- of serial dilutions. Using 3 pg 
of aureomjxin per cc of broth, no growth was 
observed. 

Estimations of blood levelsl of aureomycin 
in the treated rats, according to the method 
of Brainerd et al~‘ showed that rats receiving 
0.1% aureomycin in the Purina dog chow for 
3 days had blood levels of 0.62 pg per cc, 
while those eating a diet containing 0.075% 
aureomycin had less than 0.I5S pg per cc. 
Rats receiving SO mg per kg with a stomach 
tube once daily for 2 days showed blood levels 
of 0.62 pg of aureomycin per cc when the 
sample was taken 2 hours after the adminis- 


t We are indebted to Miss Mirra Scaparone of 
3 gan Francisco Hospital for determination of 

» aureomycin blood levels. 

r Brainerd, H. H., Bruyn, H. B., Jr, Meilclejohn, 
and Scaparone, M., Fsoc. Soc. EsP. Bion. a.vd 
a>., 1949, 70, 318. 
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TABLE II. 

Curative Effect of Aureomycin in Polynrtliritis of Rats. 

Incidence of arthritis Avg arthrograin score 


/ * ^ ^ 



No. of 
animals* 

Pretreatment, 

% 

4 days after 
aureomvein, 
% ■ 

Pretreatment 

4 days after 
aureomycin 

100 mg aureomycin per 
kg subcutaneously on 
7th and 8th days 
after infection 

20 

55 

5 

1.6 

0.15 

Untreated controls 

20 

60 

73 

1.3 

1.35 


* The average hody vreight in hoth groups was 75 g. 


tration of the drug. The untreated controls 
showed no measurable level of the antibiotic. 

Preliminarj’ clinical trials were made in 4 
adv'anced cases of rheumatoid arthritis which 
had responded unsatisfactorih'- to several 
therapeutic agents, and one early case using 
2 g aureomycin daily by mouth for 1 month. 
Two patients noted an improvement in appe- 
tite, and one patient had to discontinue the 
medication on the third day due to a marked 
gastrointestinal upset. None of these cases 
showed any improvement in range of motion 
of affected joints and 3 of them developed 
increased pain and swelling while under treat- 
ment. One case of Reiter’s syndrome respond- 
ed dramatically, gaining 6 lb during the 
first week of treatment and losing all joint 
pain. .At the end of one month he showed no 


more joint swelling. His blood sedimentation 
rate (Wintrobe Method) decreased from 40 
mm to 12 mm per hour in 2 weeks. 

Summary. 1. The addition of aureomycin to 
the diet, subcutaneous administration, and 
gastric intubation of the antibiotic prevented 
and cured e.vperimental polyarthritis of rats 
due to the L 4 strain of pleuropneumonia-like 
organism. 

2. In vitro aureomycin prevented growth 
of the microbe in broth. 

3. In preliminary clinical trials, several 
patients with chronic rheumatoid arthritis 
who responded unsatisfactorily to several 
therapeutic agents also failed to respond to 
aureomycin. 

Ecccived July 7, 1949. P.S.E.B.M., 1949, 70. 


17280. Effect of Incubation on the Cholesterol Partition in Human Serum.*' 


Kenneth B. Turner and Virginia Pratt. 

From the Department of Medicine, Coliege of Physicians and Surgeons, Columhia University, 
and the Presbyterian Hospital, yew Pori: City. 


Sperry' reported that the incubation of 
wd serum or plasma from normal human 
subjects resulted in a decrease in the amount 
o free cholesterol present without a change 
m the total cholesterol. It was conclude 
at esterification of some of the free choles- 

Till? investigation was supported by Research 
r.ant No. 1139 from the National Heart Institute, 
S. Public Health Service. 

'Sperry, W. M., j. j;;„j chem., 193.5, III, 4fi7. 


terol had taken place and that this had come 
about through the action of an enzjmie, as the 
process was abolished b 3 ’’ heating the serum 
to 55-60” prior to incubation. If this esteri- 
fication of cholesterol in vitro were the result 
of enzymatic actimty, it seemed possible that 
the enzj’me might be absent or present in re- 
duced amounts in the peripheral blood of pa- 
tients with an abnormall}' low cholesterol 
ester fraction in the serum. This would 
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Fig. 1. 

The percentage reauction in the amount of free cholesterol in the serum after 
at 37" for 24 hours. Each dot represents one patient. 


incubation 


occur primarily in liver disease. To test this 
hypothesis the present investigation was un- 
dertaken. 

Experimental . The effect of incubation on 
the serum cholesterol partition was studied in 
10 normal individuals, 30 patients with liver 
disease, and 12 patients with a variety of 
disease conditions but without liver involve- 
ment. The concentration of total and free 
cholesterol in each sample of serum was de- 
termined by the method of Schoenheimer and 
Sperry- before and after incubation at 37“ for 
24 hours. The difference between the total 
and free cholesterol was assumed to represent 
the esterified cholesterol. Blood samples were 
usually obtained in the fasting state. No pre- 
servative was added to the serum before incu- 

2 Schoenheimer, E., and Sperry, W, SI., J . Biol. 
Chem., 2934, 100, 745. 


bation. Hemolyzed samples were discarded 
as Sperry had found that hemolysis inhibits 
the reaction, and we had confirmed this ob- 
servation. 

The values obtained for the total choles- 
terol in each specimen before and after incu- 
bation were mostly within the limits of error 
of the method. In other words, the total 
cholesterol did not change. The decrease in 
the amount of free cholesterol with incubation 
varied from none to 69^. The results are 
summarized in Fig. 1. 

In a number of instances the period of in- 
cubation was extended to 48 or 72 hours. This 
seemed to provide little added information 
even though a further decrease was observed 
in the amount of free cholesterol, and conse- 
quently the 24-hour period was adopted as 
standard procedure. In one case the decrease 
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TABLE I. 


Effect of Heating Serum 

in Preventing a 

Decrease in 

Free Cholesterol with Incubation. 




Serum cholesterol 


Total 
mg % 


Free 

Ester 

mg % 

A 

% decrease 

f 

mg % 


Subject 8 

Control 

268 

75 


193 

72 


Incubated* 

267 

76 

0 

191 

72 


” t 

268 

49 

35 

219 

81 

Subject 9 

Control 

ISO 

47 


133 

74 


Incubated* 

181 

47 

0 

134 

75 


” t 

181 

27 

43 

154 

So 


* After licating to 56“ for one-half hour, 
t TTiiheatcd. 


in free cholesterol was determined after incu- 
bation for 3, 6, 12 and 24 hours. .At 3 hours 
the drop amounted to 13^; at 6 hours it was 
18%; at 12 hours, 32% and at 24 hours 
42%. 

We have confirmed Sperry’s obsen,'ation^ 
that heating the serum to 56° before incuba- 
tion prevents the drop in free cholesterol 
from taking place, presumabl}' by destroying 
the enzyme responsible for the reaction. Data 
on the effect of preliminary heating on the 
serums of 2 normal subjects are shonm in 
Table 1. 

Results. The decrease in the free choles- 
terol in the serums of 10 normal individuals 
ranged from 31% to 50% following incuba- 
tion. .Accordingly, decreases of more than 
30% in 24 hours are considered normal, and 
a decrease of less than 30%, is considered 
abnormal. This agrees with the results of 
Speriy^ who, in 30 samples from 22 healthy 
J'oung adults, obtained a decrease in free 
cholesterol of 29 to 84% after incubation for 
24 to 72 hours. 

-Among the 30 patients with liver disease 
there were 8 with acute hepatitis. In all of 
these the drop in free cholesterol with incuba- 
tion was less than normal, suggesting that the 
arnount of enzyme present was decreased in 
this disorder. The decrease in free cholesterol 
ranged_ from 4% to 19% in 7, and was 
28% in the remaining case. .All of the 
patients in this group showed a low ester 
Aolesterol (25 to 50%) prior to incubation, 
the serum bilirubin was elevated in all The 
cephalin flocculation te.st was positive in 4 


negative in 4. The alkaline phosphatase ex- 
ceeded 5 Bodansky units in 5. In 2 patients 
the serum albumin was less than 4.0 g%. In 
general, there did not seem to be a close cor- 
relation between these other tests and the de- 
gree of reduction of free cholesterol on incu- 
bation. 

In 8 of 9 patients with Laennec’s cirrhosis of 
the liver, the decrease in free cholesterol with 
incubation was less than the empirical normal, 
ranging from none to 29%. The proportion 
of esterified cholesterol before incubation was 
slightly below normal (60 to 69%) in 7, and 
low (18%) in one. The serum bilirubin was 
increased in 7. The cephalin flocculation test 
was positive and the serum albumin reduced 
also in 7 cases. The alkaline phosphatase was 
between 5 and 6 Bodansky units in 3; less 
than 5 units in 5. The ninth patient in the 
group was admitted to the hospital because 
of bleeding esophageal varices, and was con- 
sidered to have inactive cirrhosis. The serum 
of 'this patient showed a normal drop of 38% 
in free cholesterol after incubation, and all 
other chemical tests were normal as well. 

In another group were 10 patients with ob- 
structive jaundice, biliary cirrhosis, or e.x- 
tensive metastatic carcinoma of the liver. A 
characteristic of the group was an elevated 
alkaline phosphatase exceeding 10 Bodansky 
units. -A reduction in free cholesterol follow- 
ing incubation that was interpreted as being 
within the normal or low normal range oc- 
curred in 8 of the 10 cases. The proportion of 
esterified cholesterol before incubation was 
less than 70% in 9 of these 10 cases. The 
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serum bilirubin was elevated in 7, the cepha- 
lin flocculation test was positive in one, ab- 
normal A/G ratios were present in 2. 

In a final group among the examples of 
liver disease there were 3 patients with mis- 
cellaneous disorders. One patient had dis- 
seminated lupus with ascites, a marked re- 
duction in serum albumin, and a positive 
cephalin flocculation. Another was admitted 
in severe congestive heart failure with clinical 
jaundice and was found to have an elevated 
serum bilirubin, positive cephalin floccula- 
tion, and 50% faromsulfalein retention. The 
third patient showed extreme involvement of 
the liver by Hodgkin’s disease at autopsy. The 
decrease in free cholesterol following incuba- 
tion of serum from these 3 patients was in- 
terpreted as less than normal in all — 19%, 
25% and 20%. 

As a further control, 12 patients with 
various diseases but without demonstrable 
liver involvement were studied. The group 
included 4 cases of anemia, 2 cases of fever 
of unknown origin, and single e.xamples of 
optic neuritis, leukemia, chronic glomerulo- 
nephritis, diabetes, ichthyosis, and psoriasis. 
In all of these patients the reduction of the 
free cholesterol -with incubation was consid- 
ered normal. The decrease ranged from 35% 
to 69%. In 8 of these cases the proportion 


chemically only by a rise in serum albumin 
from 2.7 g to 3.3 g. A patient with heart 
failure and clinical jaundice, who at first had 
a reduction of 25% in free cholesterol with 
incubation showed a normal reduction of 46% 
after clinical improvement and disappearance 
of the jaundice. 

Discussion. The mechanism of the reaction 
described is not clear. An enzyme appears to 
be involved in the reduction in the amount of 
free cholesterol in the serum following incu- 
bation. This enz3'me effect is decreased when 
the liver parenchyma is involved as in hepati- 
tis and drrhosis, and also occasionally in ob- 
structive jaundice. Work is in progress in an 
attempt to elucidate the mechanism and to 
establish the clinical significance of the re- 
action here described. 

The decrease in free cholesterol with incu- 
bation does not parallel the rise in serum bili- 
rubin. Sperrj'® found that the addition of 
bile salts to the serum in vitro inhibited the 
reaction, but we have found a normal reduc- 
tion in free cholesterol in the presence of 
clinical jaundice and a decreased reduction 
without an increase in the serum bilirubin. 
There is certainly no correlation between this 
test and the cephalin flocculation test, alkaline 
phosphatase or serum albumin. There seems 
to be a somewhat better correlation with the 


of esterified cholesterol before incubation was 
above 70%; in 4 it was between 58% and 
69%. 

Tw'O or 3 determinations of the reduction 
of free cholesterol have been made at varying 
intervals on the serums of each of 6 patients. 
In a diabetic the decrease was constant on 
3 occasions within 8 days. In two patients 
with infectious hepatitis who showed a de- 
creased reduction in the amount of free 
cholesterol originally, the test returned to 
within normal limits with clinical improve- 
ment; in a third patient with this disease 
there was a slight progressive decline in the 
reduction of free cholesterol until the death of 
the patient, A patient with cirrhosis, who at 
first had an abnormally slight decrease in the 
amount of free cholesterol with incubation, 
later showed a reduction considered within 
the normal range. This was accompanied by 
very little change in clinical condition and 


proportion of esterified cholesterol in the serum 
before incubation, but even in this there are 
striking exceptions. 

While the change in free cholesterol has 
been given in percentages, it should be pointed 
out that it may eventually prove desirable to 
e.xpress this in milligrams per cent. Decision 
on this point must await further information 
from work now in progress on the nature of 


enzyme and its action. 
immary. Incubation of normal human 
im and that of patients with disease not 
)lving the liver results in a drop in free 
[esterol of more than 30% without change 
le total cholesterol. The reaction is prob- 
' due to an enzyme, as the decrease do^ 
occur when the serum is heated to 56 

re incubation. 

iperry, W. JI., and Stoyanoff, V. A,, J . Stol . 
I., 1937 , 117 , 535 . 



Antihistamine and Localization of Dye 


637 


In this small series, the decrease in free 
cholesterol mth incubation was usually less 
than normal with disease of the liver par- 
ench 3 fma and occasionally with extra-hepatic 
obstructive jaundice. The decrease in free 
cholesterol apparentlj'^ did not parallel 


changes in serum bilirubin, alkaline phospha- 
tase, serum albumin, or the cephalin floccula- 
tion test. There appeared to be some cor- 
relation with the percentage of cholesterol 
esters in the control serum. 

Bcceived July 7, 1949. P.S.E.B.M., 1949, 71. 


17281. Effect of Antihistamine on the Localization of Trypan Blue in 
Xylene Treated Areas of Skin. 

R. H. Rigdon. 

From the Laiorafory of Experimental Pathology, University of Texas Medical Branch, 

Galveston, Texas. 


Some data and experimental obsen'ations 
have suggested that histamine mat' plat’’ a 
fundamental role in the development of local 
areas of inflammation.^'® In support of this, 
it has been shown that trj^ian blue following 
an intravenous injection localizes and concen- 
trates in areas of skin previously injected with 
histamine.'* The effects of antihistamine 
drugs on capillary permeability have been re- 
viewed recenth' b\' Last and Loew.® These 
investigators found that the localization of 
trj’pan blue in areas of skin previoush' injec- 
ted with different chemical and biological 
preparations was not modified b\' the intra- 
venous injection of the antihistamine prepara- 
tion “Benadryl”.^ 

The present experiments were performed 
to studj- the effect of two of the more recent 
antihistamine preparations on the hj'peremia 
and the localization and concentration of 
trypan blue in areas of skin treated 'with 
xylene. 

Methods and materials. Fifteen rabbits 
were used. Their hair was carefully removed 
24 to 48 hours preceding the time of the 

1 Lewis, Sir Thomas, London, Sliaw and Shaw, 
1027. 

= Finai.ay, G. M., J. Path, and Bact., 192S, 31, 
633. 

S>faycr, K. L., Ann. Allergy, 1947, 5, 113. 

•'EiRdon, B. II., J. Lah. and Clin. Med., 1942, 
27, 1554. 

<^Last, M. R., .and Loew, E. B,, J. Pharm. and 
Fxp. Therap., 1947, 80, 81. 


experiment. Two antihistamine preparations 
were used: Pj'rrlidineethjd-phenotbiazine hj^- 
drochloride (PyTrolazote*) ; and, N,N-Di- 
methylly-X' (alpha-pyridyl)-N' (alpha-then- 
\d)-ethylenediamine hj’drochloride (Thenyl- 
enef ). A solution of each containing 10 mg per 
cc was made in phj’siologic sodium chloride. 
The injections of PiTrolazote were made in- 
travenoush', while Thenylene •n'as injected 
both intravenously and intraperitoneally. Ten 
cc of a 0.2% solution of trypan blue was in- 
jected intravenously. Xylene was carefully 
applied with a cotton applicator to local areas 
of skin at inteiw'als varying from one to 140 
minutes during the time that the rabbits were 
under the influence of the antihistamine prep- 
arations and before the dy-e was injected 
intravenously. The xydene treated areas were 
carefully obsen-ed during the development of 
hyperemia and during the time of the locali- 
zation and concentration of the dy^e. These 
obsen'ations extended over a period of 2 hours. 

In 8 rabbits 0.2 cc of the antihistamine 
preparations was injected intradermally from 
immediately to 60 minutes preceding the time 
of the intravenous injection of trypan blue. 
-An equal volume of both a phy'siologic sodium 
chloride solution and distilled water was used 
as controls. 


* Obt.ained from the Epjohn Company, K.ala- 
mazoo, Mich. 

t Obtained from the Abbot Besearch labora- 
tories, Cliicago, 111. 
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Experimental. Four rabbits' were given 
Pyrrolazote intravenously. One received 
23.31 mg/kg in 5 injections during a period 
of 85 minutes; a second, 24.21 mg/kg in 
4 injections during a period of 48 minutes; a 
third, 15.54 mg/kg in 3 injections during a 
period of 137 minutes and the fourth, 16.5 
mg/kg in 2 injections during a period of 16 
minutes. 

The areas of skin where xylene was applied 
became hyperemic within a minute and pro- 
gressively increased in intensity for approxi- 
mately 5 minutes, after which the reaction re- 
mained more or less constant for several hours 
then regressed. The rate of development and 
the intensity of the hyperemia that occurred 
following the application of xylene did not 
vary from that in rabbits similarly treated, 
but not given any antihistamine as previous- 
ly reported.® Trypan blue likewise localized 
and concentrated in these .xylene treated 
areas in a manner similar to that observed in 


viously' injected with physiologic sodium 
chloride. Twenty minutes following the in- 
travenous injection of trypan blue there was 
a small area at the site of the injection of the 
antihistamine preparation that was pale in 
color and did not stain blue. There was a 
zone of dye around this anemic area and, 
peripheral to it, there ivas a zone of edema 
■which did not stain any deeper with trjpan 
blue than surrounding normal skin. There 
were no significant changes in the manner 
of localization of trypan blue in the injected 
areas of skin after the first 30 minutes of 
the experiment. 

Disatssion. In these observations the two 
antihistamine preparations, Thenylene and 
Pyrrolazote, in the concentrations used ap- 
parently do not effect the development of hy- 
peremia and the localization and concentration 
of trypan bine in xylene treated areas of skin. 
In previous studies it has been emphasized 
that the localization and concentration of try- 


rabbits not given any antihistamine. 

All the xylene treated areas of skin were 
hyperemic. Trypan blue, however, localized 
and concentrated first in the last 2 areas 
where xylene was applied the shortest interval 
before the dye was given. 

Three rabbits were given Thenylene both 
intravenously and intraperitoneally. One was 
given 28.11 mg/kg in 6 injections over a 
period of 37 minutes, another 16.64 mgAg 
in 4 injections over a period of 35 minutes, 
and one, 17.57 mg/kg in 4 injections during 
a period of 40 minutes. 

The areas of skin where xylene was applied 
were identical in these rabbits with those 
observed in animals-given the Pyrrolazote and 
trypan blue. These 3 rabbits showed toxic 
symptoms produced by this antihistamine 
preparation during the time of the e.xperiment. 

Trypan blue localized and concentrated in 
each skin area of the 8 rabbits where both 
antihistamine drugs were injected intradermal- 
ly. In 2 rabbits injected with Thenylene there 
was less dye after 30 minutes in the areas 
injected 35 minutes before the intravenous 
injection than in the areas injected IS minutes 
and immediately preceding the intravenous 
injection of the dye. Trypan blue did not 
concentrate in any of the areas of skin pre- 


pan blue in areas of inflammation are not de- 
termined by the presence of hyperemia.® In 
support of this observation. Last and Loew 
have found that acetyl-B-methyl-choIine 
(Mechoiyl), although producing vasodilation, 
did not cause a trypan blue reaction.® Can it 
be that a local area of skin treated with 
xylene or injected with horse serum stains 
blue primarily as a result of a variation in 
the absorptive abiliti' of the tissue cells, and 
not because there is only a change in the 
permeability of the capillaries? The vital 
staining of cells has been regarded by some 
as due to absorption of dye molecules by cell 
granules.' 

According to Last and Loew,® appropriate 
concentrations of intradermally injected horse 


irum, tetracaine, codeine and heparin cause 
isitive trypan blue reactions which are not 
odified by Benadryl. Arginin, ivhich is a 
lecific antagonist against some of the effects 
histamine, does not prevent the production 
a trypan blue reaction by either histamine 
ac-ents which liberate histamine.® The 
ove observations are different from tho^ 

K.,.r.W. Sts., 1921, 2S SH. 
e Silvn, M., ..nd Dragstedt, C. A., J. 
urm. and Brp. Thcrap., mh 73/ 
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of ^laygr who found that “pyribenzamine,. a 
substance exhibiting strong and specific anti- 
histamine properties, exerts a definite activity 
in experimental dermatitis”.® 

The localization and concentration of try- 
pan blue following an intravenous injection, 
in areas of skin injected intradermall}' with 
antihistamine emphasizes the fact that sub- 
stances other than histamine may cause a 
localization of this di'e. 

Summary The hyjieremia that follows the 


local application of xylene apparentlj' is not 
modified b\^ the intravenous and intraperi- 
toneal injections of the antihistamine prepara- 
tions, Pyrrolazote and Thenylene. Likewise, 
the localization and concentration of trypan 
blue in the xjdene treated areas of skin are 
not affected by these preparations of antihis- 
tamine. Trj'pan blue also localizes and con- 
centrates in areas of skin injected intraderm- 
ally with these preparations of antihistamine. 

Received July 5, 1949. P.S.E.B.il., 1949, 71. 


17282. Studies on Elimination of Penicillin G in Dogs.*^ 

Rolf Brodersen* and William H. AndersonL (Introduced by C. Phillip ^liller.) 
From ihe Department of Medicine, University of Chicago. 


Rammelkamp and Keefer’- found that only 
about 60% of intravenously administered 
penicillin could be recovered from the urine 
of man. This finding has been confirmed by 
later reports, although the recovered amounts 
vary from 40 to 99%.- 

This paper deals with the mechanism of the 
elimination of penicillin in bilaterally nephrec- 
tomized dogs. 

Methods. Healthy mongrel dogs -weighing 
from about 6 to 12 kg were used. Crystalline 
penicillin G? was injected intravenously in all 
e.xperiments; the blood samples were obtained 
from another vein and the serum penicillin 

* This investigation -\v.as supported, in part, by a 
research grant from the Antibiotics Study Section 
of the Division of Research Grants and Fellow- 
sliips of the National Institutes of Health, H. S. 
Public Health Service, and, in part, by tlie A. B. 
Kuppenheimer Foundation and the Douglas Smith 
Foundation of the ITniversity of Cliicago. 

i Douglas Smith Foundation Fello-o" in Medicine. 

* Ecscarch Fellow, U. S. Public Health Service. 

I Bnmmelkamp, C. H., and Keefer, C. S., J. Clin. 

Jnvest., 1943, 22, 425. 

-Herrell, W. E., Penicillin and Other Antibiotic 
Agents, IV. B. Saunders Company, 1945. 

? Tlic crystalline penicillin was supplied by Ab- 
bott Laboratories, Commercial Solvents Corpora- 
tion, Lederlc Laboratories, and Scheulev Labora- 
tories, Inc. 


assayed against Staphylococcus 209 by a serial 
dilution technic. 

Difftisioti of PenicilUn from Blood to Tis- 
sues. Results. X dog which had been bilater- 
all}' nephrectomized and the cystic and com- 
mon bile ducts ligated was given an intra- 
venous injection of 25,000 u/kg of crj’stal- 
line penicillin G. The penicillin concentra- 
tion decreased rapidh’^ during the first hour 
but very^ slo-ndy thereafter (Fig. 1). It is 
assumed that this initial decrease was due to 


Tlio diffusion of penicillin from blood to tissues 



The serum penicillin concentration as a function 
of the time after a single intravenous injectioii. 
The inactivation has been partially blocked by 
bilateral nephrectomy and ligation 'of the evsti'c 
and common bile ducts. 
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TABLE I. 


Dose units/kg e oo units/ml 


c oo units/ml 
dose tmits/g of dog 


. S.5,000 

400 


4.7 

80.000 

250 


3.1 

30,000 

130 


4.3 

25,000 

90 


3.G 

25,000 

70 


2.8 

25,000 

80 


3.2 

25,000 

100 


4.0 

25,000 

85 


3.4 

25,000 

100 


4.0 

25,000 

110 


4.4 

. 25,000 

80 


3.2 

25,000 

100 


4.0 

25,000 

140 


5.6 

14,000 

CO 


4.3 

14,000 

00 


4.3 

7,000 

20 


2.9 


Average — 

3.9 



Maximum— 

-5.6 



Minimum— 

-2.8 



Tlie serum concemruuuu 
after diffusion equilibrium lias been established 
with the tissues. Values are corrected for anj' 
elimination or inactivation of penicillin taking 
place. 


diffusion of penicillin from the blood stream 
into the tissues. 

If there were no further elimination of 
penicillin from the blood, the concentration 
would decrease to a constant value which 
would be reached when diffusion equilibrium 
was established. This concentration may be 
found by drawing the straight line represent- 
ing the inactivation back to intersection with 
the axis of the ordinate which, in this case, 


was 143 u/ml of serum. 

The equilibrium concentration was deter- 
mined in a number of experiments and col- 
lected in Table I. In the last column of 
this table are the ratios between c oo (serum 
concentration of penicillin at equilibrium) 
and the dose of penicillin per gram of dog. 
In 16 experiments this ratio was found to be 
lar-er than unity. This means that the peni- 
cillin did not distribute equally throughout 
the tissues of the dog but was present in a 
higher concentration in the plasma than m 
the remainder of the dog. The average ratio 
was about 4 times as great when diffusion 
equilibrium was established. This relation- 
ship can be expressed as; _ 

Serum penicillin concentration = 4 x 
amount of penicillin per body weight 

The formula has been established for the 


blood concentrations between 20 and 400 
u/ml and may not be I'alid for smaller con- 
centrations. 

The Renal and Extra-Renal Elimination. 
Blood serum concentrations of penicillin were 
determined at intervals after a single intra- 
venous injection in a number of normal dogs. 
When allowance, .was made for the diffusion 
equilibrium to be established, it was found 
that the logarithm of the concentration de- 
creased as a linear function of time (First 
order reaction). This relationship was found 
to be valid from the initial concentration of 
about 100 u/ml to 1 u/ml. A curve demon- 
strating this relationship is shown in Fig. 2. 

Bilateral nephrectomy wms performed in 
3 dogs which were then given a single intraven- 
ous injection of penicillin. These dogs were 
still able to eliminate penicillin from the blood 
stream, although at a considerably lower rate 
(Fig. 2) . The average rate of elimination was 
found to be %. as rapid in the nephrectomized 
as in the normal dogs. . This indicates ftat 
approximately three-fourths of the penicillin 
was eliminated through the kidney and one- 
fourth elsewhere. From the variable veloci- 
ties obtained in normal and nephrectomized 
dogs, a considerable variation w'as to be ex- 
pected in the fraction of penicillin inactivated 
extra-renally. 

The rate of elimination of penicillin after various 
surgical procedures 
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Site of the Extra-Renal Elimination. The 
rate of elimination was not significantly al- 
tered by the removal of the intestine from the 
ligament of Treitz to within an inch of the 
anus; nor b}' the removal of the stomach and 
ligation of the common bile duct. This show- 
ed that in these dogs the intestinal tract was 
not the primarj^ site of the extra-renal elim- 
inationj as suggested by the findings of Reid.® 
Following complete evisceration the serum 
penicillin concentration remained constant, 
within the limits of experimental error; thus 
the site of the elimination was somewhere in 
the viscera. 

A two stage hepatectomy and bilateral 
nephrectomy were performed in a dog. Here 
too, no inactivation could be shown after the 
equilibration of penicillin between the blood 
stream and the tissues. In another dog, 
both kidneys and all the viscera e.xcept the 
liver were removed. The hepatic arterj' was 
left intact by dissecting away the hepatico- 
duodenal ligament. The portal vein and the 
common bile duct were ligated and the gall 
bladder left in connection ndth the biliaiy 
system. This dog eliminated penicillin at a 
rate very similar to the dogs in which only 
bilateral nephrectomy was done. It could 
be concluded that the liver was responsible for 
the extra-renal elimination of penicillin by 
these dogs. The velocity constants indicat- 
ing the relative decrease in penicillin concen- 
tration, or total amount of penicillin per 
hour, are shown in Table II. The velocity 
constants were found from the cur\'es by the 
formula; 

In (c,i/'--) 

K = 

ti — t^ 

Mechanism of Hepatic Elimination of Peni- 
cillin. In 2 dogs the kidneys were removed, 
the cystic and common bile ducts were ligated 
twice and cut. Similar curves were found in 
both dogs; one curve is shown in Fig. 3. It 
was noted that a certain elimination of peni- 
cillin seemed to occur during the first 10 
hours; however, the rate of elimination de- 
creased after this to a very low value. Thus, 

3 Reid, E. D., Felton, L. C., and Pittroff, M. A., 
Pp.oc. Soc. Exp. Biou axu Med., 1946, C3, 438. 


TABliE II. 


The Telocity Constant Indicating the Relative De- 
crease in Penicillin Concentration in the Serum 
After Tarions Surgical Procedures. 


Procedure 

Kl/hr 

Avg 

Normal dogs 

1.85 

1.90 

2.40 

1.90 

1.25 

1.15 

1.45 

1.'70 

Keplirectomized 

0.46 

0.38 

0.40 

0.41 

Xeplireetomized .and tlie intes- 
tine removed from the lig.ament 
of Treitz to within one inch 
of the anus 

0.33 

0.35 

0.34 

Nephrectomized, bile duct ligated 
and complete gastrectomy 

0.40 


Eviscerated, except for the liver 

0.53 


Complete ensceration 

0.0 


Hepatectomy, nephrectomy 

0.0 


Cystic and bile duets ligated ; 
nephrectomized 

0.07 

- 

Bile duct c.annulatcd 
— excreted in bile — 

0.31 

0.25 


Inactivation in bile at 
—log cH-h 8.5, dO'C 

0.10 



penicillin tvas still present in appreciable 
amounts 70 hours after the intravenous in- 
jection. The final rate of elimination was 
only 4% of the normal rate. This finding 
seemed to indicate that the penicillin was 
e.xcreted in the bile rather than destroyed by 
the liver. If so, the initial drop in serum 
concentration might be due to excretion of 
bile into the biliary sji-stem to the point of 
distention. However, it still appeared pos- 
sible that destruction might have taken place 
in the liver, but that liver function was im- 
paired by the biliary obstruction. 

In another nephrectomized dog, the com- 
mon bile duct was cannulated and the secreted 
bile collected hourly after an intravenous in- 
jection of penicillin. Verj’^ high concentrations 
of penicillin were found in the bile samples. 
The total amount recovered in the bile was 
80% of the injected penicillin. It could be 


642 


Elimination of Penicillin in Dogs 


concluded that, .at least in this dog, the main 
part of the extra-renal elimination took place 
as excretion in the bile. 

Inactivation by bile in vitro. A sample of 
dog’s bile (pH 8.29) obtained from a common 
duct fistula, was mixed with penicillin and 
incubated at 37°C. A rather slow inactiva- 


The slow elinihi.'ition .after hil.iteral ncplireclomr 
and ligation of cystic .and common bile ducts 



FlO. 3. 

The elimination during the first 10 hours may be 
due to excretion of penicillin-containing bile into 
the biliary svstem to the point of distention. 

The slower inactivation throughout the 70 
hours of the experiment can bo explained by the 
destruction of penicillin due to the alkalinity of 
the bile. 



Fig. 4. 

The lines show the inactivation, at the given pH 
values as calculated from the data of Brodersen,^ 
in rood agreement with the experimental points 
T^r two samples of bile were obtained from the 
gaU bladder (pH 0.00) and from a common duct 

‘^"The values were determined clectrometri- 

ro^o-f "TliJlSrSn ^n concettra'^ns 
lor^d'?o^e indep"nde"nt of temperature « 
the range of 20 to 40°C. 


Bile and serum penicillin concentration after .an 
intravenous injection of penicillin in a neplireo- 
toniized dog 



Fig. 5. 

The bile is seen to contain .about 130 times as 
much penicillin per milliliter as the serum, inde- 
pendent of the serum concentration. 


tion was found to take place. Another sample 
dravra from the gall bladder (pH 6.00) did not 
inactivate penicillin at a demonstrable rate. 
This suggested that the inactivation was due 
to the alkalinity of the fistula bile. The rate 
of inactivation to be expected in this case was 
calculated^ and found to be consistent with 
the experimentai values (Fig. 4). The rate 
of inactivation in the bile can thus be calcu- 
lated at known values of temperature and hy- 
drogen ion concentration on the basis of the 
known destruction rate by alkali. 


Relationship of Penicillin Concoitratwns in 
rum and Bile. In Fig. S are plotted the 
ncentrations of penicillin in cannulated bile 
id in blood serum taken simultaneously from 
nephrectomized dog. There was a constant 
tio between the two concentrations, the bile 
ntaining 130 times as much penicillin per 
1 as the serum at serum concentrations rang- 
ir from 100 to 5 units^ml. This ratio was 
und to vary considerably. In 7 okperimen^ 
rried out in two dogs, values ran^ng from 
I to 330 were obtained. From the figures i 
, We III it is seen that the h gh m los 
nerally were found at high pH values in the 
" ratios at the low pH values. 


4 Broficrseii, R., Trans. 


Faratl Soc., 194". 


351 . 
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TABLE III. 


Correlation Betrveen Bile pH and the Bile Penicil 
lin-serum Penicillin Eatio. 


pH of bile 

Penicillin concentration of bile 

Penicillin concentration of serum 

8.65 

330 

8.50 

130 

■ 8.48 

270 

8.29 

10 

■ 8.20 

16 

8.04 

11 

7.93 

11 


Storage of Penicillin in the Gall Bladder. 
.K cannula tras placed in the gall bladder of 
a normal dog, and the common bile duct 
ligated in order to close the outlet from the 
■gall bladder. The bile was drawn from the 
gall bladder, mixed with 100,000 units of 
penicillin and re-injected. The volume of 
bile in the gall bladder was determined every 
hour and a small sample taken out for peni- 
cillin assay. The total amount of penicillin 
found in the gall bladder is shown in Fig. 6. 

Resorption and inactivation of penicillin in the 
gall bladder 



Fig. 6. 

The curve indicates the calculated inactivation. 
The experimental points are seen to deviate rela- 
tively little from this curve, indicating that only a 
slow resorption of penicillin takes place from the 
gall bladder. 


The pH values were determined at the same 
time and from these the spontaneous inactiva- 
tion calculated as shown b\r the cur\re. The 
difference between this curv'e and the points 
demonstrate the resorption from the gall blad- 
der. Within the 4 hours of the e.xperiment 
the resorbed amount is seen to be rather small. 
That a certain resorption does take place was 
shown by the fact that penicillin was present 
in the urine of the dog. 

Summary. Bilaterally nephrectomized dogs 
eliminated penicillin G at a considerable rate 
■from their blood stream after an intravenous 
injection. This elimination took place at es- 
sentially the same rate when either the intes- 
tines were removed, or when the common bile 
duct was ligated and the stomach removed. 
But no inactivation could be demonstrated 
after complete evisceration or hepatectomy in 
nephrectomized animals, h. major portion of 
the injected penicillin was excreted in the bile. 
Appreciable inactivation was found in the bile, 
especially in the case of a strongly alkaline 
bile. 

The remaining portion of penicillin may 
have gone either to the gall bladder, where 
only a slow but significant resorption took 
place, or to the intestine where it was partially 
resorbed and partiallj' inactivated.® 

Caution must be exercised in drawing gen- 
eralized conclusions from these results. Since 
the nephrectomized dogs do not eat, it seems 
possible that normal dogs might inactivate cer- 
tain amounts of penicillin in their intestine 
because of a greater secretion of digestive 
juices. 

^ Seeberg, V'. P., Illg, P. I., Brown, D. J., J. Am. 
Pharm. As.tn., 1946, 35, 280. 

Received June 17, 1949. P.S.E.B.JI., 1949, 71. 
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concluded that, at least in this dog, the main 
part of the extra-renal elimination took place 
as excretion in the bile. 

Inactivation by bile in vitro. A sample of 
dog’s bile (pH 8.29) obtained from a common 
duct fistula, was mixed with penicillin and 
incubated at 37°C. A rather slow inactiva- 


The .slow cllmin.ition .nftcr l3ilatcr.'il ncplirecfomy 
and ligation of cystic and common bile duets 



The elimination during the first 10 hours may be 
due to excretion of penicillin-containing bile into 
the biliary system to the point of distention. ^ 
The slower inactivation throughout the <0 
hours of the experiment can be explained by the 
destruction of penicillin due to the alkalinity of 
the bile. 



Bile and serum penicillin concentration after an 
intravenous injection of penicillin in a nephreo- 
tomized dog 



Fig. 5. 

The bile is seen to contain about 130 times as 
much penicillin per milliliter as the scrum, inde- 
pendent of the serum concentration. 


ion was found to take place. Another sample 
Irawn from the gall bladder (pH 6.00) did not 
nactivate penicillin at a demonstrable rate, 
rhis suggested that the inactivation was due 
.0 the alkalinity of the fistula bile.^ The rate 
)f inactivation to be expected in this case was 
lalculated-* and found to be consistent with 
he ex-perimental values (Fig. 4). The rate 
>f inactivation in the bile can thus be calcu- 
ated at knowm values of temperature and hy- 
irogen ion concentration on the basis of the 
mown destruction rate by alkali. 

Relationship of Penicillin Concentrations vi 

Serum and Bile. In Fig. S are plotted the 
mneentrations of penicillin m cannula ted bi e 
ind in blood serum taken simultaneously from 
1 nephrectomized dog. There was a constant 
ratio between the two concentrations, the bile 
:ontaining 130 times as much Penjedhn p 
ail as the serum at serum concentrations rang- 
hg from 100 to 5 units/ml. This rauo wa 
Znd to vary considerably. In 7 expennients 
-arried out in two dogs, values ran^ng from 
Jo to 330 were obtained. From the figures m 

‘ found at hfgh pH values .a the 

n”?»d*el.,v ratios a. Utetopl^ 


Brodersen. R., T’™"-'- 
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Agglutinations were performed by the serial 
dilution tube test and by a microscopic slide 
technic using serum dilutions of 1:20. 

After twelve weeklj^ series of injections 
agglutinating titers of 1:320 were obtained 
against strains DU, RE, and 1523. Strain 
LE produced a titer of 1:40.* The other 
strains with the exception of RO and ATCC 
732 had developed low titers (1:10 to 1:40) 
at the end of 12 weeks. 

Agglutinin absorptions were conducted b}”^ 
the method of Krumwiede, Cooper and 
Provost.® 

Results. From the data presented in Table 
I, it is evident that serologic differences e.xist 
among the strains employed. For conven- 
ience, the 3 varieties have been designated as 
Types A, B, and C. With the exception of 
anti-DU serum, it was necessary to absorb 
all serum with heterologous cells to prevent 
cross-reactions. The anti-DU serum agglu- 
tinated all Type A strains to a titer of 1:320, 
but failed to agglutinate Types B and C. 
Table II presents the results of slide agglutin- 
ations in anti-RE (Type A) serum following 
absorption with homologous and heterologous 
cells. These data were confirmed by similar 
absorptions of Tjpe B (1523) and Type C 
(LE) sera. 

Discussion. There appears to be a differ- 
ence in the immunogenic properties of different 
strains of C. neojormans. Although the rab- 
bits used in the present investigation received 
equal numbers of killed cells, high titers were 
produced against only 3 strains. This varia- 
tion may account for the failure of some 
authors to elicit antibod}’’ formation. 

Although it is obvious that there are dif- 
ferences in the antigenic structure of the 
strains used here, no conclusions can be drawn 
regarding the location of the antigens re- 
sponsible. It seems possible that the capsular 
carbohydrate may be important since Neil and 
his associates® have reported a polysaccharide 

* Although this scrum is of consider.ablv lower 
titer than the others, it was included in the recipro- 
cal .agglutination tests because strain LE appeared 
to be heterologous to all other strains used. 

s Krumwiede, C., Cooper, G., and Provost, C. J., 
J. Immunol., 1925, 10, 55. 
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17283. An Immunologic Comparison of Twelve Strains of Crvptococcus 
neojormans {Torula histolytica). 


E. Edward Evaks. (Introduced by John F. Kessel.) 

From the Vepartment of Sactenology and Parasitology, School of Medicine, University of 

Southern California, Los Angeles. 


The results of various authors concerning 
the immunogenic properties of Cryptococcus 
neojormans have not been in agreement.^'"^ 
Some investigators have been unable to dem- 
onstrate antibody formation in animals^-" 
although others have reported agglutinin titers 
ranging from 1:9® to 1:280.® Benham^ ob- 
tained serum with an agglutinin titer of 1:160 
against pathogenic strains by injecting cap- 
sule free cells into rabbits. Working with 
pathogenic and non-pathogenic strains she 
has divided the genus Cryptococcus into 4 
groups on the basis of serologic and morpho- 
logic characteristics. The present investiga- 


tion is concerned only with strains isolated 
from human infections (Benham Group III). 

Methods. Rabbits were immunized with en- 
capsulated, formalin-killed cells of C. iteo- 
jormans. Intravenous injections tvere made 
on three consecutive days of each week. Nine 
strains of C. neojormans were employed for 
immunization: strains BT, RE, DU, 1523, 
RO,.L2, and LE from the Los Angeles County 
General Hospital and strains 732 and 2S26- 
from the American Type Culture Collection. 
Three additional strains were included in the 
agglutination tests: HA,t BE,f and ATCC 
4189. 


TABLE I. 


Type 

Cells 


Serum 


Type A (BE)t 

TypcB (1523) { 

TypeC (LE)^ 

A 

732 

+ + H-f 

— 




2526 

++ 



— 


4189 

+ •+• 


— 


BT 


— 

— 


BE 

+ +++ 

— 

■ 


DU 

++ 4 --)- 

— 

— 


BE 

+ -!-(- -h 

— 

— 


HA 


— 

— 

B 

1523 

— 

+ + -I- 

— 


L2 

— 


— 


BO 

— 


— 

C 

LE 

— 

— 

-h + + + 


* Microscopic slide technic; serum dilution l:zo. „ ■ . 

t Absorbed with strain L2. Similar results were obtained when other Type B strains were 
used for absorption. (See Table II). . . • . 

t Absorbed with strain BE. Similar results were obtained when other Type A strains were 

used for absorption. 

5 Absorbed with Type B cells. 


t Benham, B. W., /. Inf. Vis., 1935, 57, 255. 

2 Brake, C. H., Froc. Soc. Am. Pact, 1948, 1, 
57. 

3 Hoff, C. L., J. Lab. and CHn. Med., 1942, S7, 
751. 

Kligman, A. M., J. Immunol., 1947, 57, 395. 

5 Neil, J. M., Castillo, G. G., Smith, E. H., and 
Kapros, C. E., J. Exp. Med., 1949, 89, 93. 


6 Eappaport, B. Z., and Kaplan, B., Arch. Path, 
and Lab. Med., 1926, 1, 720. 

TSheppe, W. M., Am. J. Med. Sci., 1924, 1C7, 

91. „ . 

t Obtained from Dr. M. Harpies, Otago Univer- 
sity Medical School, New Zealand. 

tErom the Los Angeles County General Hos- 
pital. 
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Plate I. 

Electron micrographs of osmosis-lieniolyzed chick embryo erythrocytes. X 4000. 
Fig. 1, 2, 3, 4 and 5: Fnfixed and unstained. Salt residues indicated at arro^ys. 
Fig. G: Osmic acid fixed where fixation seems to be excessive. 


lack of nucleoli in their nuclei; and bj’' the 
high degree of permeability to electrons of 
the cytoplasm over the nucleus. Thej' are 
easily differentiated further from isolated 
nuclei by their outlines, for where those of 
the erythrocx'tes are sharp and well-distin- 
guished, those of the nuclei are diffuse and 
indistinct. 

The nucleus appears clearly in these eryth- 
rocytes, except where they have been osmic 
acid or silver nitrate fixed when detail over 


almost the whole body of the cell is lost. The 
nucleus has normal oval appearance in the 
unfixed, unstained cells and is centric, diffuse- 
edged and reticular in structure. It shrinks 
and deforms when it has been formalin-fixed 
and no structure is seen in it. 

Several degrees of hemolj'sis were apparent- 
ly provoked by the hjpotonic solutions em- 
ployed in the preparation of the material. 
Thus, there are different degrees of opacity of 
the C 3 -toplasm to electrons in each of Fig. 1, 4 
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from Cryptococcus which was serologically 
active up to a dilution of 1:2,000,000. 

Summary. 1. Rabbits were immunized with 
9 strains of Cryptococats tteojormam. After 
12 weekly series of injections, 3 strains pro- 
duced agglutinin titers of 1:320, 4 strains 
gave titers ranging from 1:10 to 1:40 and 


2 strains failed to produce antibodies. 

2. On the basis of reciprocal, agglutinin 
absorptions, 3 serologic types of the organism 
are described. These have been designated as 
Types A, B, and C. 

Received June 8, 1949. P.S.E.B.M., 1949, 71. 


17284. Electron Microscopy Study of Chick Embryo Erythrocytes. 

Juan J. Angulo and John H. L. Watson. (Introduced by 0. H. Gaebler.) 
From the Department o/ Experimental Patltnlogy, Dniversity of Savana, School of Medicine, 
Havana, Cuba, and the Edsel D. Ford Institute for Medical Fesearch, Henry Ford Hospital, 

Detroit, Mich. 


A few electron micrographs of erythrocytes 
are found in the literature.^'” Erythrocytes 
with cytoplasm made transparent to electrons 
apparently by the hypotonic solutions which 
were used in specimen preparation were dis- 
covered accidentally in preparations of iso- 
lated liver cell nuclei which were being ex- 
amined in an electron microscope. 

Materials and methods. Nuclei of liver cells 
from healthy, 16-day-old chick embryos were 
isolated by the differential centrifugation 
technic of Bounce® as modified by Hoerr,® 
and a portion of the final sediment was re- 
suspended in distilled water for immediate 
depoMtion upon electron microscope specimen 
screens. Three other portions were resuspend- 
ed for ten minutes in 10% formalin, in 2% 
osmic acid and in 1% silver nitrate, respec- 
tively, and specimens of each were prepared 
as before. The proportion of reagent volume 
to specimen volume was about 10:1 and 

1 Wolpers, G., Faiurwiss., 1941, 20, 416. 

2 Jung, F., Klin. TTochsch., 1942 , 21, 917. 

3 Rebuck, J. W., and Woods, H. L., Blood, 1948, 
3, 175. 

-tRebuck, J. W., Woods, H. L., nnd Monaghan, 
E. A,, Proc. Soo. Exp. Biol, and JIed., 1948, 08, 
220 . 

3 Barnes,. R. B., Burton, C. J., and Scott, R. C., 
J. Appl. Ph 3 /s., 1945, 10, 730. 

0 Jones, W. M., J. Set. Instr., 1947, 21, 113. 

7 Heininetz, E., J- Bad., 1948, 5o, 883. 

fi Bounce, A. B., J. Biol. Ghent., 1943, 14<, 685, 

9 Hoerr, N. L., Biol. Symposia, 1943, 10, 185. 


seemed excessive, but smaller proportions of 
reagent and less time for reagent action gave 
bad results also. Some of the prepared screens 
which were formalin-fixed only were stained 
with Harris hematoxylin for 5 minutes; others 
with 1% safranin for one minute and still 
others with 1% methyl green for one minute 
and were washed with distilled water to re- 
move the e.xcess stain. Wet preparations were 
examined with the ordinary light microscope 
for control purposes. 

Micrographs were taken employing a biased 
electron gun and an objective aperture with 
relatively low plate magnifications between 
3,000 and 4,000 -times. Crystalline residues, 
which are recognizable in electron micrographs 
were often observed, and examples of some 
are indicated at the arrows in Fig. 4, S and 
12. No effects of electron bombardment were 
noted upon the morphology of the cells, ex- 
cept that they shrunk when focussed beams 
were directed upon them, but none of the 
fields reproduced here have been subject to 
focussed beams. 

Observations and discussion. Unfixed, un- 
stained erythrocytes are identified in this 
work by their large size, almost filling the 
whole 2 inches square field at 3,600 times; 
by their characteristic oval shape; _ by the 
centric position and the diffuse, elliptical out- 
line of the nucleus within them; by the pro- 
portion of their cjdoplasmic to nuclear area; 

-the homogeneity of their cytoplasm and 
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(Fig. 1, 2 and 3) were seen to be e.\'tremely 
flat with outline reminiscent of that of a fried 
egg. From considerations of electron scat- 
tering from such shapes it is very unlikely 
that the dark outlines in Fig. 1, 2 and 3 can 
be interpreted as arising from a cell wall or 
a cell membrane. On the contrarj', the most 
probable explanation for the dark outline and 
for its non-uniform thickness is that they arise 
from adsorbed or other material caught about 
the edge of the cell area as it dries. However, 
the fact that there is a discrete cell area at 
all in the micrographs indicates that a cell 
membrane maj’- exist, although it is invisible in 
the micrographs. The dark outlines are not 
visible in the partially hemolyzed or the fixed 
eri'throcytes although the cell areas are again 
quite discrete. This is evidence, coupled iidth 
the previous observations that neither the 
partially hemolyzed nor the fixed cells flatten 
out on the films to the same extent that the 
well-hemolyzed erythrocytes do, and it also 
suggests again that a cell membrane exists 
for an erythrocyte, but that it is thin enough 
physically and atomicallj’^ to produce negligible 
electron scattering. Further evidence for the 
e.xistence of a membrane is given later in the 
discussion on fixed erythroc 3 'tes. 

The observations cited so far concerning 
hemolyzed and partially hemolyzed, unfixed 
ety'throcytes tend to support the important 
concept of er\'throcyte structure, that there 
is a cell membrane. They also support the 
following hypotheses concerning the mechan- 
ism of erj'throcyte hemolj'sis: (1) that at 
partial hemolj'sis an amount of hemoglobin 
leaves the cell sufficient to allow some electron 
transmission, so that a spongy appearance be- 
comes manifest over the cell area; at this 
time (Fig. 4 and 5), no cell membrane is 
seen, the cell is still distended and a nucleus 
is dimlj' visible, and (2) that at the more 
advanced stages of hemoh'sis the spongy con- 
tent contracts upon the nucleus increasing its 
opaciU' but leaving a clear area around it, 
the cell flattens due to lack of cell content 
and adsorbed material collects about the edge 
of the cell area as it dries. 

In spite of the obvious distortions which 
are introduced by the fixation (see below) 
erj’throcj’tes in fi.xed preparations are recog- 


nized and distinguished from the nucleus b}’’ 
use of the same criteria as the\^ are in the 
unfixed samples. No significant, morphologic 
differences are detected between erythrocytes 
fixed with formalin but not stained and those 
fixed with formalin and stained with hema- 
toxjdin, methyl green or safranin. Fig. 10, 
11 and 12 show erythrocrdes which were fixed 
and stained with a varietj' of stains. Fig. 7, 
8 and 9 are of a formalin-fixed, unstained 
sample. Erythrocytes in fixed specimens, both 
stained and unstained, are obviously distorted 
due chiefly to the fixation, since unfixed cells 
are not observed to shrink in the electron 
microscope at the low intensities at which these 
were e.xamined. ^larked shrinkage of the 
erj'Lhrocytes was also noted in the fixed speci- 
mens e.xamined with the light microscope 
where there was no drjdng. 

Except for the existence of a nucleus, fixed 
erythrocytes resemble emptj- bladders in elec- 
tron micrographs (Fig. 7 to 12), and are 
similar in this respect to the non-nucleated 
eri'throcytes studied by Wolpers^ and Jung.- 
The fi.xed erythrocytes show foldings which 
are frequently^ radiated and which indicate 
that the erythrocytes possess an envelope or 
membrane. In mammalian erythrocytes at 
least, this envelope apparently’’ corresponds to 
the plasma membrane with very’ little cyto- 
plasm.^® Such foldings would not be easily 
seen and indeed are not observed in wet prep- 
arations e.xamined -with the optical microscope, 
although they' might exist in the wet. It seems 
logical to e.xplain the occurrence of folds in 
electron micrographs by assuming that the 
fixed cell is flabby and its envelope loose. In 
the act of drying, the envelope falls together 
on the surface of the specimen film and the 
folds become visible. In the recently’ reported 
work of Chu, Dawson and Elford^^ electron 
micrographs of fi.xed chicken red cells are 
shown which e.xhibit morphology’ similar to 
that reported here. 

The reticular structure of the stretched 
ery’throcy'te envelope depicted by Wolpers^ 

10 de Eobertis, E. D. P., Nowinski, ’W. tV., and 
Saez, P. A., General Cytology, Philadelphia, W. B. 
Saunders Co., 1948, 122. 

11 CIm, C. M., Dawson, I. M., and Elford, W. J., 
Lancet, 1949, CCLVI, e02. 
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Electron micrographs of osmosis-hemolyzed, chick embryo erythrocytes, formalin fixed. X 
Pig. 7, 8 and 9 : Unstained 
Fig. 10: Hematoxylin stained. 

Fig. 11: Methyl green stained. 

Fig. 12: Safranin stained. 


and 5, but the cytoplasm of each of 
hemolyzed erythrocytes in Fig. 1 to 5, in- 
clusive, is somewhat transparent to electrons 
as compared with the known homogeneous 
opacity of unhemolyzed erythrocytes.®-* The 
sponge-like appearance of the erythrocytes in 
Fig. 4 and 5 may be the result of an incom- 
plete hemolysis, but it could also support the 
theory that erythrocytes have a spongy struc- 


ture On the other hand, appearance of the 
images in Fig. 2, 3 and 7 to 12 would support 
tlie theory of a balloon structure for ery r 


»s. 

In several occasions it was possible to rup- 
: the films which supported the erythro- 
!S and to observe their cross-sections as 
r were tilted upon them. Under ftese cir- 
the well-hemolyzed erythrocytes 
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cytes dearly showed an envelope. Fi.Yation 
and drying produced specimen changes, and 
in the specimens examined the processes of 


electron microscopy- provoked less radical 
changes than did the fi.xation. 

Received June 10, 1949. P.S.E.B.M., 1949, 71. 


17285. Effect of Thymine Desoxyriboside (Thymidine) on Human Per- 
nicious Anemia. 

Edward H. Reisner, Jr. and Randolph West.* 

From the Xcw Yorh Unh-ersity Postgraduate Medical School, Bellevue Hospital; the Depart- 
ment of Medicine, College of Physicians and Surgeons. Columbia Vniversity, and Presbyterian 

Hospital, Xcw Tori: City. 


Shive et al.^ isolated from_ liver a cry'stalline 
substance that inhibited the antagonistic ac- 
tion of methyl-folic acid on the growth of 
Lcuconostoc mesenteroides 8293. This sub- 
stance was identified as thymidine, the des- 
oxyTiboside of thymine. Wright et al.^ re- 
ported that thymidine could replace vitamin 
B-12 as a growth factor for certain lactic acid 
bacteria. Hypoxanthine, adenine or cytosine 
desoxy'ribosides® and guanine desoxyriboside* 
have also been shown to be able to replace 
vitamin B-12 as a growth factor for various 
bacteria. 

From this evidence it seemed possible that 
vitamin B-12 may participate in the synthesis 
of desoxy-ribosides, essential to the formation 
of desoxyribose nucleic acids. Since thymine is 
effective in combating the hematologic le- 
sions of pernicious anemia, nutritional macro- 
cytic anemia and sprue,-’’ the effect of thymi- 
dine on patients with pernicious anemia was 
investigated. 

Methods. Three patients with Addisonian 
pernicious anemia in relapse were treated. All 

* Died May 20, 1949. 

1 Shive, W., Eahin. R. E., Jlardinp;, AY. M., 
R.avcl, J. M., and Sutherl.and, .T. E., .7. Am. Chem. 
Soc., 1948, 70, 2299. 

2 Wright. L. D., Skcgg.s, H. R., and Huff, J. W., 
.7. Biol. Chem., 194S, 17.7, 47.7. 

SKit.ay, E.. McNntt, AV. S., and Snell, E. E., 
J. Biol. Chem., 1949, 177. 993. 

I Hoff-Jorgensen, E., .7. Biol. Chem., 1949, 178, 
523. 

Spies, T. D., .and Stone, R. E., Bancet, 1947, 
1, 174. 


of them had a macrocy^tic, high color inde.x 
anemia, with gastric achlorhydria after hista- 
mine and megaloblastic hyperplasia of the 
bone marrow. Reticulocy'te counts were done 
daily’, and erythrocyte counts tw-ice a week 
during the period of obser\’ation. 

Results. In the first patient, a single in- 
jection of 5.3 mg of thymidine was followed 
by an increase of reticulocytes from 2.0 to 
S.Ofc 4 days later, but by no significant rise in 
erythrocy’tes. One week after administration 
of the thymidine, daily intramuscular injec- 
tions of 0.001 mg of vitamin B-12 were begun. 
There ivas a reticulocyte rise to 10.3% and 
the red blood cells rose from 2,430,000 to 
4,250,000 in the next 13 day-s. 

In the second patient a single injection of 
150 mg of thymiidine was followed by- a rise 
in reticulocy’tes from 0.4% to 5.3% on the 
4th day, but the red count failed to rise dur- 
ing the Aveek following the injection. Daily- 
intramuscular injections of 0.001 mg of idta- 
min B-12 were then started. Reticulocy-tes 
were 37% on the 7th day and the blood count 
had risen from 1,600,000 to 4.200,000 on the 
21st day’ of this therapy’. 

The third patient received a sub-optimal 
intramuscular dose of 0.00025 mg of vitamin 
B-12 daily. Reticulocytes increased to 15.5% 
on the 8th day, and ivere 1.8% on the 17th 
day of therapy, .-^.t this time, in addition to 
the vitamin B-12, 5 mg of thymidine w-as 
given intramuscularly daily for 9 days. There 
w-as a secondary reticulocyte rise from 0.8% 
on the 18th day to 2.8% on the 21st, 22nd, 



o50 


EtECTRON iSIlCROSCOPY OF ChICK EryTHROCYTES 


offers a striking similarity to the cytoplasmic 
structure of some of the hystfocytes described 
by Rebuck and Woods.® Wolpers and Rus- 
ka^- have reported a similar structure for the 
cytoplasm of the blood platelet hyalomere. 
One wonders about the relation of fixation 
and other technical processes to these ap- 
pearances because in an electron microscope 
study of tissue culture ceils, Porter, Claude 
and Fullam'® observed a remarkable variation 
in the appearance of cytoplasm structure ac- 
cording to the fixation technic employed. Frey- 
Wyssling^^ points to the possibility that Wol- 
pers’ images show artifacts since a similar 
structure has been observed in the erythro- 
cyte envelope denatured by heat hemolysis." 

The outlines of fixed erythrocytes are often 
observed to be angular. In Fig. 9 the outline 
is almost hexagonal and approximations to 
this particular shape were often encountered. 
The nuclei of fixed erythrocytes are also 
shrunken and distorted markedly, and are 
somewhat angular in outline. Nucleus dis- 
tortions similar to those in the figures of PI. 
II were observed in the control wet prepara- 
tions. This suggests again that the causes 
of such distortion are to be found not as much 
in the act of drying as in the action of the 
fixative on cells which have previously suf- 
fered osmotic changes, since the nuclear dis- 
tortions like the whole-cell distortions are not 
seen in fresh preparations w'hen the sample is 
unfixed and osmotic changes have not oc- 
curred. The opacity of the nucleus to elec- 
trons is increased by the fixation, the contrast 
vis-a-vis nucleus and cytoplasm being im- 
proved thereby. However, this improvement 
in contrast offers no additional morphological 
information over unstained specimens; rather, 
detail is lost due to the increase in opacity of 
the nucleus. In most of the unfixed as well 
as the fixed erythrocytes, the nucleus is too 
opaque to electrons to evidence its structural 
details, but a coarse reticulum can be ob- 

12 Wolpers, C., .oncl Husk.o, H., Klin. TT oclisch., 
1939, 18, lOrr, 1111. 

13 Porter, K. K., Claude, A., and FoUain, E. P., 

J. Exv- Med., 1945, 81, 233. 

14 Frey-Wj'ssling, A., Sulvnicroscopic Morphol- 
ogy of the Protoplasm .and its Derivatives, ISTew 
York, Elsevier Publishing Co., Inc., 1948, 173. 


served in some of. them in the unfixed samples 
Fig. 3 and 5. ’ 

A reliable identification of erythrocytes 
could not be made in specimens which had 
been treated with either osmic acid or silver 
nitrate. Both fixatives produced almost homo- 
geneously opaque, oval images in which a 
reticular structure wms evidenced but only at 
the borders. These erythrocytes had also 
shrunk and the most marked shrinkage was 
observed in those treated with osmic acid. 

Besides the observations of morphology 
which have been made in this work and re- 
ported in the foregoing discussion, there are 
a number of points concerning the electron 
microscopy of biological material® which have 
been illustrated: (a) a biased gun, if used 
properly and at less than maximum intensi- 
ties does not affect the subject more than an 
unbiased one; (b) the primary heating ef- 
fect of the electron beam is to shrink the 
cells, but this shrinkage from actual observa- 
tion is not as drastic, nor does it introduce 
so many artifacts as does the process of fixa- 
tion under the experimental conditions; (c) 
the processes of fixing and staining here tend- 
ed to complicate the interpretation of elec- 
tron microscope images rather than to simpli- 
fy or clarify it; and (d) in general, electron 
images were likely freer of artifact than light 
microscopic images when unfixed, unstained 
samples were used in the former and fixed, 
stained samples in the latter. 

Smmnqry. Electron micrographs of os- 
mosis-hemolyzed erythrocytes from healthy 
chick embryos are presented. The cells are 
examined unfixed, unstained; formalin-fixed, 
unstained; formalin-fi.xed, hematoxylin stain- 
ed; formalin-fixed, safranin stained; formalin- 
fi.xed, methyl green stained; osmic acid fixed, 
unstained; and silver nitrate-fixed, unstained. 
Unfixed, unstained erythrocytes prepared by 
the technic employed showed a transparent 
cytoplasm so that the direct visualization of 
intracytoplasmic parasites might be passible 
by this procedure. Some nuclear structure 
was observed, and there is evidence for the 
existence of a cell membrane. Fi.xed ep'thro- 

713 . 
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Fig. 1. 

Eosinopliil response of intact rats infected with Trichinella spiralis larvae, as 
compared with intact uninfected controls. 


humans (Gould^) and has been reported 
rather high for mice (Hunter and Groupe,® 
Stein') and rats (Someren®). This suggested 
that the eosinophil response in intact and 
adrenalectomized animals infected with this 
parasite would yield interesting results. Thus 
the following study was undertaken. 

Experimental. Preliminarj'^ e.’cperiments 
were performed to check the eosinophil re- 
sponse of our rats to T. spiralis infection. 
These animals (Wistar strain) were raised 
and maintained on our stock diet in an air- 
conditioned room (76°F). The experimental 
procedures for infecting the animals with 
standard doses of lar\me have been described 
elsewhere (Larsh and Kent®). It is important 
to point out that the viability of these larvae 
in all e.xperiments was checked by determin- 
ing in a few control animals the percentage 
development of adult worms 5 days post- 
infection. The blood for eosinophil counts 
was obtained from the tail, stained with 
Giemsa stain in the usual manner, and ex- 
amined under oil immersion. These counts 
Were done at approximately weekly inten'als. 

Sixteen rats (2.5 months old) were used to 
determine the eosinophil response. Three re- 

5 Gould, S. E., Tricliinosis, 1945, C. C. Thomas 
Co., Springfield, 111. 

« Hunter, G. W., Ill, and Groupe, T,, J. Parasit- 
ology, (supp.), 1939, 25, 33. 

■ Stein, K. F., Anat. T.cc. 1949, 103, SOS; Peoc. 
Soc. Exp. EioIa. AX'D Mnn., 1949 71 225. 

s Someren, V. D., J. Helminth., 1938, 1C, S3. 

9 Larsh, J. E., Jr., and Kent, D. E., J. Parasit- 
ology, 1949, 35, 45. 


ceived 500 larvae; three, 1000 larvae; three, 
1500 lart'ae; three, 2500 larvae; and 4 were 
kept as uninfected controls. The infected 
animals were reinfected with 2000 larvme 30 
days after initial infection. Since the eosino- 
phil response was similar for all of the in- 
fected animals, the results were plotted as 
the same (Fig. 1). The graph shows_ very 
little eosinophilia produced in these animals, 
as contrasted to the 20^ (in 16 days) men- 
tioned above (Someren®). Our results, how- 
ever, compare favorably with those of Beahm 
and Downs.^® It is unlikely that our results 
were due to a strain factor in the rats in that 
random counts of another rat strain infected 
as above revealed about the same findings. 
It is possible that our strain of T. spiralis is 
a poor stimulator of eosinophilia. There is 
some support for this in that our white mice 
(2.5 months old), likem'se, showed a poor 
eosinophil response. These were infected 
with various doses of T. spiralis laivae; 3 
with 50 lan’ae; 3, 100 larvae; 3, 300 larvae; 
and 3, 400 lan’ae. All of these showed about 
the same level of eosinophilia, which reached 
a maximum of 10% after one month. The 
4 non-infected controls averaged about 3%. 
The response of the infected mice was con- 
siderably lower than that (25-33% within 2 
weeks) reported b\' the above mentioned 
workers.®-' 

Despite the poor eosinophil response de- 
scribed above, it was decided to determine 

lOBealim, E. H.. and Downs, C. M., J. Parasit- 
ology, 1939, 25, 405. 
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and 24th days. Injections of 0.00025 mg of 
vitamin B-12 were continued from the 27th 
to the 40th day. During the first period of 
vitamin B-12 alone the red blood cell count 
rose from 1,850,000 to 2,220,000. During the 
second period with thymidine added the 
count increased further to 2,800,000. At the 
end of the third period of sub-optimal vita- 
min B-12 alone it had decreased to 2,600,000. 

Discussion. The replacement ratio of thy- 
midine for vitamin B-12 is about 300: 1 for the 
grorvth of L. lactis.^ We have seen a maximal 
reticulocyte response in pernicious anemia to 
as little as 4 ^ig of B-12.'^ A dose of 5 mg of 
thymidine should therefore be more than 
adequate if the ratios observed in the bacterial 
growth system obtain for man. (That this is 
so for thymine with reference to folic acid 
was shown by Spies and his associates.®) From 
the results we obtained, it appears that thy- 
midine alone is incapable of sustaining blood 
regeneration, although it does appear to cause 
a slight increase in reticulocytes. Similar re- 
sults were reported by Geerts and Lens using 
doses of 10 mg of thymidine a day for 3 

C Shive, "W.j Eavel, J. M., Eakin, E. E., J. Am. 
Chcm. Soc., 1948, 70, 2614. 

7 West, E., and Beisner, B. H., Jr., Am. J. Mei., 
1949, 6, 643. 


days.® From our observations it is apparent 
that the response to 150 mg was no greater. 

It has been suggested that crude liver ex- 
tracts may contain substances that give an 
enhanced hematopoietic response compared to 
B-12, and thymidine may be one of these 
accessory substances.® From our study it 
appears that thymidine is not completely inert 
hematopoietically, but if it has an enhancing 
effect on B-12 activity, this effect is very 
slight in the dosage used in this study. In 
view of the ability of other desoxyribosides 
to substitute for B-12 in bacterial growth, the 
effect of mixtures of desoxyribosides on per- 
nicious anemia should be investigated. 

Summary. 1. lA 3 patients with pernicious 
anemia, thymidine in doses of 5 to 150 mg 
was found to cause slight reticulocytosis, but 
no effect on the red blood count. 

We are deeply indebted to Dr. Esmond E. Snell, 
who generously supplied us with the thymidine 
used in these studies, and Air. W. S. AlcHutt, who 
prepared it. 

8 Geerts, S. J., and Lens, J., Kature, to be pub- 
lished. 

0 Jacobson, AI., and Bishop, B. C., J. Clin^ 
Invest., 1949, 28, 791. 
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John E. Laesh, Jn. and John Nichols. (Introduced by A. T. Miller, Jr.) 
Erom fhe Department of Farasitology and the Department of Anatomy, University of Uorth 

Carolina, Chapel Hill, H. C. 


Recently there have appeared reports^-^ 
that adrenal hormones depress the number 
of circulating eosinophils. Injection of ad- 
renal cortical hormone will cause a lowering 

1 Thorn, G. W., Forsbam, F. S., Pxnnty, F. T., 
and Hills, A. G., J. Am. Med. Assn., 1948, 137, 
1005. 

eporsham, P. H., Thorn, G. W., Prunty, G., 
and HUls, A. G., J. Clin. Endocrinol, 1948, 8, 15. 

s Hills, A. G., Forsham, P. H., and Finch, G. A., 
Flood, 1948, 3, 755. 

4 Heilman, L., Science, 1949, 109, 280, 


of the number of circulating eosinophils, or 
injection of adrenotrophic hormone from the- 
pituitary will accomplish the same result if 
the adrenal gland is intact. In fact, this 
lowering of the eosinophils taken together 
with other changes in the body chemistry is- 
proposed as a test for adrenal cortical in- 
suffidency. Presumably the presence of the 
adrenal cortex has an inhibitory influence on 
the eosinophil producing bone marrow. 

■ The eosinophil response to infection wiui 
Trichinella spiralis usually is striking m.- 
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Fio. In. 

The photograph demonstrates the vasoconstriction on the forearm of a sub- 
ject 7 minutes after intradermal injection of 0.1 cc epinephrine 1:100,000. 

Fig. lb. 

A sn'cat print of the same area as that in la 5 minutes after tlie injection. 
Note the Ivmphatic spread domiward. 


gland activity, and observed no blocking ef- 
fect of dibenamine. Unfortunately, no tests 
were made with sympathomimetic drugs; 
furthermore, the results are not necessarily 
applicable to man. The present study fol- 
lowed the accidental observation of a local 
sweat response on the forearm of two sub- 
jects after the intradermal injection of 
epinephrine. After this study was underway 
the report of Kisin"* appeared, stating that the 
subcutaneous injection of adrenaline, in con- 
centrations as low as 10'*, produced local 
sweating. 

Methods. In all experiments, Randall’s 
iodine-starch paper method^ has been used. 
Injections of approximately 0.1 cc were made 
with a 27 gauge needle into the skin of the 
volar surface of the forearm, except as noted 
otherwise. Observ'ations were continued for 
3 to 20 minutes after injection. 

Results. Thirty subjects have been tested 
of whom nine showed no significant response 
to commercial, synthetic epinephrine hydro- 

nP.atton, II. D., Pnoc. Soc. Exp. Biol, and 
JtEU., 1949. 70, 412. 

^ Kisin, E. E., I c.itnih Vc/icrol. i. JJrrmntoJ., 
194S, No. 5, 27. (Ab‘=tr.nctca in Chem. Absir., 
1949, 48. 2.'!23). 

r-B.-inaall, W. C., .7. Clin. Invc.'it., 194G, 25, 7G1. 


chloride (Winthrop Chemical Company), 
1:10,000 hr 1:100,000, in physiological sa- 
line; 5 of these were tested with acetylcholine 
or nicotine and gave a marked sweat response. 
On one occasion epinephrine 1; 100,000 caused 
an apparent inhibition of sweating in an in- 
dividual who had rather profuse spontaneous 
sweating. The remaining 21 subjects mani- 
fested definite sweating after epinephrine 
1:10,000 to 1:1,000,000. The response varied 
wideh’ in intensity among subjects, and in 
individual subjects on different days. In 
several experiments the solutions used were 
made up with crj'stalline epinephrine (.Ad- 
renalin, Parke, Davis & Co.) rather than from 
the stock solution, and results were identical. 
Members of both se.xes, and of white, Negro 
and mongoloid races have been tested; no 
differences in responses of these groups were 
apparent. 

The response, when present, commenced 
within a minute of the injection. The pat- 
tern of sweating closely approximated the 
area of vasoconstriction, and followed its local 
and lymphatic spread (Fig. 1). Secretion 
was obseiwed up to 20 minutes, at which time 
the rate seemed to have diminished. Neo- 
synephrine hydrochloride (Winthrop-Stearns) 
1:10.000 or 1:100,000 produced sweating in 
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Eosiuopliil response of rats infected with Tricliinetla spiralis larvae 5 davs after adren- 
alectomy, as compared n-ith uninfected adrenalectomized controls. 


the effect on this response of adrenalectomy. 
This work was limited to rats. Nineteen 
(2.5 months old) were adrenalectomized in a 
one stage operation, and kept on a potassium- 
low diet (Nichols^^), Tkey w’ere given drink- 
ing water with 0.8% NaCl and 0.1% 
NaHCOa, and remained in apparent good 
condition throughout the experiment. The 
completeness of adrenalectomy was verified 
at autopsy. Eleven of these rats were in- 
fected with 1000 T. spiralis larvae 5 days 
after adrenalectomy, the remaining 8 were 
kept as uninfected controls. The eosinophil 
counts of all of the animals are shown in 

11 Nichols, J., Arch. Path., 1948, 45, 717. 


Fig. 2. MTiile the counts are somewhat 
higher than those shown in Fig. 1 for intact 
rats, the difference is too slight to draw 
definite conclusions. Perhaps it would be 
worthwhile to repeat this experiment with 
an animal which has a significantly higher 
granulocyte count than the rat. 

Summary. (1) White mice and rats failed 
to show a high eosinophilia following initial 
infection with various doses of T. spiralis. 
(2) Rats also failed to elicit a striking re- 
sponse follow’ing reinfection. (3) .Adrenalec- 
tomy influenced only slightly the number of 
circulating eosinophils in infected rats. 

Received June 17, 1949. P.S.E.B.Jt., 1949, 71. 


17287. Local Sweating in Man Induced by Intradermal Epinephrine. 

Ralph R. Sonnenschein. (Introduced by M. I. Grossman.) 

From Department of Clinical Science, University of Illinois, College of Medicine, Chicago, Dl. 


The possibility of an adrenergic innervation 
of the sweat glands was suggested recently by 
Uaimovki,^ who reported that intravenous 
injection of neosynephrine was followed by an 
increase in palmar sw’eating; this response 
was inhibited by dibenamine (N,N-dibenzy!- 

1 Haimovici, H., Pboc. Soc. Exp. Biol, and 
Med., 1948, 68, 40. 


jS-chloroethylamine hydrochloride) . In pre- 
liminary experiments' in our laboratory, in- 
tradermaJ injection of neosynephrine into the 
palm failed to alter the pattern of spontaneous 
sw'eating. Patton® measured electrical poten- 
tials of the cat’s paw, as an in dex of sweat 

2 Janou-itz, H., Sonnenschein, R. R-, (Gross- 
man, M. I., unpublished observations. 
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un 

Fio. 1. 

The values for both total plasma cholesterol in mg % and ostcrified plasma cholesterol in 
mg % are plotted individually for each of the six subjects against a common ordinate ■ahicli 
shOTTS the dosage of egg plant administered. 

healthj’ males to determine its effect. One experiment. The values for free and esteri- 
hundred fifty pounds of fresh egg plant was fied cholesterol are shown in Fig. 1. The 
dried in a regular tunnel type drier; i.e., the remainder of the blood lipids likewise showed 
vegetable material was placed on trays and no change. 

passed through the tunnel against a stream There were some unavoidable differences in 
of air. Two stages of drjdng were used; i.c., the conditions under which our experiments 
in the first stage a temperature of 145°F were conducted and those of Roffo and Hain- 
was maintained and the moisture content of line. Roffo does not state how his material 
the vegetable was reduced to approximately was dried nor does he give weights before and 
12%. The vegetables were then removed after drj-ing. Hainline states that his was air 
from the trays in the tunnel and put into dry- dried but does not give weights before and 
ing bins. Here the moisture was reduced from after drjdng. Due to the pressure of other 
approximately 12% to appro.ximateh' 4% and experiments upon our laboratory we were 
heat, not in e.xcess of 130°F, was applied, unable to use the egg plant for several months 
This resulted in 9.5 pounds of slices which after it was delivered to us. It was however, 
were powdered. hermetically sealed in light and water tight 

This powder was fed in doses of 12 g, containers and kept in a cool place, 
and later 24 g a day, to six healthy males. As can be seen, we observ'ed no decholes- 
Complete lipid fractionations on the blood terolizing effect upon any of the subjects, 
plasma were done everj’ third day for a con- Subjects 1 through 4 had normal blood lipid 
trol period of one week and throughout the values while subjects 5 and 6 are assumed to 
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4 individuals who responded to epinephrine, 
but the response was less intense. Three 
subjects who did not respond to epinephrine 
also failed to respond to neosynephrine. 

Pretreatment of the skin by intradermal 
injection of 0.4 cc atropine sulfate 1:100.000 
(4 subjects) or tetraethyiammonium chloride 
1:100 (2 subjects) had no significant effect 
on the response. At these concentrations, 
atropine has been shown to block the local 
action of acetylcholine, and TE.^ its a.TOn 
reflex effects.® Procaine hydrochloride 1:100 
(4 subjects), however, caused a slight to 
marked inhibition. Dibenamine was intro- 
duced by ion transfer* into the skin of 2 
subjects who had shown marked response to 
epinephrine. Twenty-four hours later, the 
treated areas of both subjects showed no 
response to epinephrine 1:1,000,000, while a 
definite effect was seen on the control arm. 


6 Janowltz, H., and Grossman, M. I., Science, 
1949, 109, IG. 

* 0.25 cc of a 5% solution of dihonamine was 
applied to an asbestos electrode of 7.5 sq cm. A 
current, whose density was 0,3 milliamp. per sq 
cm, was passed for 25 minutes. Performed through 
courtesy of Dr. Arthur A. Rodriquez, Department 
of Pliysical IMedieine. 


Epinephrine at 1:100,000 was only partially 
inhibited. The dibenamine had no significant 
effect on the response to acetylcholine chloride 
1 : 1 , 000 , 000 . 

Comment. The epinephrine effect differs 
from that of acetylcholine in that the latter 
is characterized by (1) an associated axon 
refle.K, (2) inhibition by atropine, (3) ab- 
sence of inhibition by dibenamine. 

These results indicate that at least some 
sweat glands of certain individuals are sen- 
sitive to the direct action of epinephrine but 
the physiological significance of this phenom- 
enon is unknown. Experiments are in prog- 
ress to elucidate the possible role of adrenergic 
fibers in regulation of sweat responses. 
Questions under consideration include the 
distribution of sweat glands which are sen- 
sitive to epinephrine, and their activity dur- 
ing thermoregulatory and emotional responses. 

Summary. Intradermal injection of epi- 
nephrine caused local sweating in 21 of 30 
subjects. The response was not altered by 
atropine or TEA but was diminished by pro- 
caine; dibenamine inhibited it. The physio- 
logical significance of this phenomenon re- 
mains to be elucidated. 

Received Sfay 24, 1949. P.S.E.B,JI., 1949, 71. 


17288. Effect of Feeding Dried Egg Plant (Solanum Melonga L.) on Plasma 
Cholesterol.* 

C. F. Wilkinson, Jr., R. S. Jackson, W. C. Vogel. (Introduced by C. C. Sturgis.) 
From the Department of Internal Medicine, University of Michigan Medical School, Ann Arbor, 
Mich., and W, K. Kellogg Foundation, Battle Creel:, Mich. 


In a recent paper Roffo^ stated that egg 
plant (Solanum Melonga L.) has a decholes- 
terolizing effect in rabbits as well as in man. 
He also stated’ that it causes a diuresis. Hain- 
line- has recently presented data which he 

* The authors are grateful to the California 
Vegetable Concentrates, Inc., for furnishing as 
well as processing the egg plant. 

iRoffo, A. H., Yale Jr. Biol, and Med., Oct., 
1945, 18, 25. 

ZHainline, A., Jr., Thesis presented to the 
faculty of the Graduate College, University of 
Denver, March 8, 1948. 


iterprets as showing a like effect in rats. 
Roffo has published graphs showing a de- 
ease in serum cholesterol in rabbits. We were 
table to find any data regarding his ex- 
iriments with humans other than the stafe- 
ent that a like effect was noted. We have 
included that Hainline's interpretations are 
)en to question, since a number of factors 
eluding trauma and infection were not con- 
oiled 

Because of our interest in finding some sub- 
ince that would decrease the plasma ^o es- 
■ol it was decided to feed dried egg plant to 
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. After incubation, the nucleic acid and 
phosphoprotein were separated from all other 
phosphorus-containing substances, essentially 
according to the method of Schmidt and 
Thannhauser," before counts were made. The 
contents of each flask were first repeatedh’^ 
extracted with trichloracetic acid until the 
supernatant solution did not count above 
background, and the supernatants were dis- 
carded. In a similar -manner the residue was 
then extracted with a mixture of alcohol and 
ether and finallj^ with a mixture of chloroform 
and methanol; the chloroform-methanol su- 
pernatant never did count above background. 

The residue, containing only total nucleic 
acid and phosphoprotein phosphorus, was 
dried, weighed, and dissolved in alkali; an 
aliquot of this alkaline solution was then 
counted. Complete solution bj^ alkali did 
not uniformly occur — in some samples a small 
part of the residue remained finely suspended. 
However, since duplicates which varied in 
degree of solubility showed no significant dis- 
crepancy in counts, the phenomenon was 
ignored. 

Results and discussion. The results ob- 
tained are listed in Table I. Each result is 
the average of 2 determinations. Each sample 
was counted until a total of at least 2000 
counts was obtained; thus the standard error 
of counting in each case is less than 3%. 

The results show^, in the case of liver and 
kidney tissue, that the incorporation of radio- 
phosphorus into nucleic acid and phospho- 
protein was inhibited in nitrogen, the mag- 
nitude of the inhibition averaging about 
50-70%. 

The fact that no significant difference be- 
tween the percentage inhibition in normal 
tissue as a function of the presence or ab- 
sence of glucose was observed indicates that 
under the conditions of the e.xperiments the 
absence of added substrate was not a limiting 
factor. In other words, perhaps more than 
enough substrate for anerobic gljxolysis was 
already present in liver and kidney. 

On the other hand in tumor tissue a con- 
siderable decrease in the percentage inhibi- 
tion was obserx'ed when the results with 

1 Schmidt. G., and Tliannhauscr. S. .1., J. Biol. 
Ch(m., 1945, JCl, S3. 
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have Essential Familial Hypercholesterol- 

3 Wilkinson, C. F., Hand, E. A., and Fliegelman, 
M. T., Ann. Int. Med., Oct., 1948, 29, 4. 


emia® and to represent the heterozygous ab- 
normal of this condition. 

Keceived June 21, 1949. P.S.E.B.M., 1949, 71 . 


17289. Synthesis of Nucleic Acid and Phosphoprotein in Normal and Can- 
cer Tissue Slices Studied with 'Radio Phosphorus.* 

Walter Mann! and Janet Gruschow.I (Introduced by Harold C. Hodge.) 

From the Division of Pharmacology and Toxicology, Department of Eadiaiion. Biology, 
University of Bochesier School of Medicine and Dentistry, Bochester, K. X. 


Experiments have been performed using 
radioactive isotopes to study the synthesis of 
phospholipids and proteins in tissue slices and 
homogenates.^-® The synthesis of large mole- 
cules, in vitro, can be studied by the tracer 
technic even though they undergo a net 
degradation under the conditions of the tissue 
slice technic.^ 

In experiments reported here, radioactive 
phosphorus in the form of phosphate was 
used to study the synthesis of total nucleic 
acid and phosphoprotein in both normal and 
tumor tissue slices, by measuring the incor- 
poration of radioactive phosphorus, under 
aerobic and anaerobic conditions and in the 
presence and absence of added glucose. 

* This paper is b.ased on work performed under 
contract ivith the United States Atomic Energy 
Commission at tlie University of Bochester Atomic 
Energy Project, Bochester, N. T., and is taken 
from University of Bochester Atomic Energy Be- 
port No. UB-20 (April, 1948). 

i Now at Western Eeserve University School of 
Jlcdicine. 

t Now at University of Texas. 

1 Tnurog, A., Cliaikoff, I. L., and Perlman, I., 
J. Biol. Chem., 1942, 145, 281. 

2 Melchior, J., and Tarver, H., Arch. Biochem., 
1947, 12, 309. 

3 Winnick; T., Triedberg, F., Ureenberg, U. M., 
Arch. Biochem., 1947, 15, 160. 

* Frantz, I. D., Jr., Loftfield, E. B., and Miller, 
W. W., Science, 1947, 106, 544. 

s Frantz, I. D., Jr., Zameenik, P. C., Beese, J. 
W., and Stephenson, M. L., J. Biol. Chem., 1948, 
174, 773. 

aPriedkin, M., and Lehninger, A. L., J. Biol. 
Chem., 1949, 177, 775. 


Briefly, the experiments indicate the de- 
pendence of the incorporation on the presence 
of oxygen, hence presumably on energy yield- 
ing reactions. The inhibition of phosphate 
incorporation in the absence of o.xygen is 
partially prevented in tumor tissue, by the 
addition of glucose, thus suggesting that 
anerobic glycolysis can also provide the neces- 
sary energy. 

Experimental. White rats were decapitated 
and the liver or kidneys removed. The slices 
cut were about 0.3 mm in thickness* and 
weighed about 25-30 mg when dry. They 
were placed in 50 cc Erlenmeyer flasks 
in 5 cc of Krebs-Ringer bicarbonate solution* 
containing radiophosphate. The solution had 
previously been equilibrated with the same 
gas mixture, either 95% ©2:5% CO 2 or 
95% N2:5% CO 2 , as was used in the flasks 
during the 2 hours of incubation with shaking 
at 37°C. The inhibition by Na was deter- 
mined, in each case, on slices originating from 
the same organ or tumor. 

The concentration of radioactive phos- 
phorus in the Krebs-Ringer bicarbonate was 
approximately 1 microcurie per ml. In the 
experiments in which glucose was added to 
the Krebs-Ringer bicarbonate solution, its 

concentration was 0.2%. 

Eleven normal rats and 9 rats bearing the 
transplantable carcinoma 256 (Walker tu- 
mor) were utilized. Care was exercised m 
sampling to avoid including any of the central 
necrotic regions of the tumor. The body 
wei'^hts of the normal rats employed ivere 
about 200 g, and of the tumor bearing rats, 

120 g. 
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be used to cut-sections as thin as 0.1 /i, ours 
was especially made,* hollow ground on both 
sides, with a long bevel. 

Fixing and Mounting Technics. Several 
technics have been used to prepare tissues for 
microtomjc Fixation in about 4% neutral 
formalin, dehydration through graded alco- 
hols, clearing in xylene, and imbedding in 
paraffin (8S°C melting point) has proved to 
be one of the most successful. With this 
method it is not necessar}'- to “double imbed”; 
that is, to use both celloidin and paraffin. 

The process of mounting a tissue section on 
a grid for electron microscopy varies accord- 
ing to the specimen and the operator, but in 
general the followdng technic has been suc- 
cessful. The section is transferred directly 
from the knife to a glass slide. A dissecting 
needle wdth a microscopic point is used to lift 
and move the sections. The point may be in- 
serted slightlj’' into the edge of the paraffin 
of the first section of a “ribbon” and the 
“ribbon” pulled out somewhat. A drop of 
warm water added to the section on the slide 
will further “spread” the section. When the 
water has dried, a drop of xylene may be 
added, or the whole slide may be immersed 
in .xj’lene, to dissolve the paraffin from the 
tissue. 

When the tissue is thoroughlj^ drj', the slide 
is immersed in 2% collodion in amyl acetate 
which is thin dried in an even film. Lines are 
scored around the specimen; the slide is 

* llolzlieimer, Willi.am, Melrose P.ark, Illinois. 


breathed upon and immersed gentl}^ into 
water. The section adheres to the collodion 
film w'hich strips from the glass slide and floats 
free. A grid is brought up beneath the specimen 
and both are lifted from the water. Thus the 
section and the supporting collodion film ma}”^ 
be centered on the grid ready for electron 
observation. 

Fig. 2 illustrates some results obtained with 
the equipment and technics described. 



Fig. 2. 

Section of r.nt intestine, sectioned at 0.1 /x. 
Tlie greater part of the field is filled with a 
single cell. The nucleus appears less dense than 
structures seen in the cytoplasm. Individual struc- 
tures have not been identified. X 13,700. 

Received July 12, 1949. P.S.E.B.M., 1949, 71. 


1/291. The Rate and Total Loss of Body 'Water on the Survival Time of 
Adrenalectomized Frogs.^t 

Clifford A. Angerer and Helena H. Angerer. 


From the Department of Phi/siolopii, 

One aspect of the adrenal problem is the 
relation of the adrenal cortex to the regulation 

* This investigation was aided by the Comly- 
Colcnian Fund of the Ohio State ITiivcrsitv. 

t This work was originally initiated at our sug- 
gestion by Martin W. Williams. 


The Ohio State Vniicrsity, Columbus. 

of water and electrolytes in body fluids. The 
water content of certain tissues and, more 
pertinently, of certain cells (eviscerated car- 
cass and liver of ratsA skeletal muscles of 

1 Silvettc, H., and Britton, S. W., Am. J. 
Physiol., 1933, 104. 399. 
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added glucose were compared with those 
without added glucose. This indicates, there- 
fore, that at least in tumor tissue under 
anerobic conditions and in the presence of 
glucose, incorporation of the major portion 
of the radiophosphate may depend upon gty- 
colysis. However, the evidence presented does 
not permit one to rule out the possibility that 
the remaining radiophosphate incorporation 
in liver and kidney slices under anerobic con- 
ditions is an '‘exchange” phenomenon inde- 
pendent of oxidative energy. 


Summary. Phosphate incorporation into 
nucleic acid and phosphoprotein of liver, kid- 
ney and tumor tissue slices shows some de- 
pendence upon the presence of oxygen. 

The inhibition of radiophosphate incor- 
poration into nucleic acid and phosphoprotein 
of tumor slices by nitrogen and its partial 
reversal by the. addition of glucose suggest 
that, at least in tumor tissue, glycolysis can 
also serve as a source of energy for the in- 
corporation. 

Received M.iy 17, 1949. P.S.KB.il., 1949, 71. 


17290. Low Speed Microtomy for the Electron Microscope. 

Ruth Pinkney Rhoades. (Introduced by .'lustin M. Brues.) 
From the Siology Division, Jrgonne National Laboratory, Chicago, Illinois. 


The beam of a 50-kv electron microscope 
does not penetrate specimens that are thicker 
than 0.1 ft. Thus, in order to study biological 
specimens with this type of microscope we 
have further developed the technic described 
by Pease and Baker, ^ who altered a Spencer 
Rotary Microtome (model 820) by adding a 
wedge to the mechanism for fonrard move- 
ment. We reduced the angle of the inclined 
plane surface by a factor of 10 to 1 so that 
each step is 0.1 g. rather than 1.0 g. 

Since forward movement results from a pin 
in sliding contact with an inclined plane sur- 
face, it is important that the surface of the 
plane be as nearly perfectly flat as possible. 
The accompanying photograph, Fig. 1, illus- 
trates the means by which the problem of a 
flat surface for even forward movement was 
solved. At the left of the picture (A) the 
original plane can be seen. The reduced angle 
is shown by D. The light gray triangular 
area (B) is an angle-reducing block of steel, 
to which is fastened an optical flat (C). A 
brass disc (E) instead of a pin is used for 
the feed screw tip. Horizontal movement of 
the disc is responsible for forward movement 
of the specimen. Vertical movement of the 

1 Pease, P., and Baker, E., Proc. Soc. Exf. 
Bion. AND Med., 1948, 67, 470. 


flat and the mechanism to which it is at- 
tached causes the slicing action of the micro- 
tome. Since the disc and flat are held flrmly 
in contact by a spring, any irregularities in 
the surface of the plane will be evident on the 
sliced section. 

Since the ordinary microtome knife cannot 



Pig. 1. 

Jfierotonip. 

Original inclined plane snrf.ace of Spencer 


Steel' wedge reducing from 25° to 2.o° the 
of the original plane surface with lespeet to 
Ion of the feed screw movement. 

■)otical flat upon ■which cross feed disc . 

XRered iucli.md plane surf.ace 

of'2..5° with direction of cros^ feefl move 

>053 feed disc. 
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Fig. 1. 

Percentage loss in body ireights (ivater loss) of 
4 groups of frogs plotted as functions of respec- 
tive times (readings at hour intervals) of ex- 
posure to a constant force of dehydration. The 
characters used to delineate the curves for each 
group are ns follows: adrenalectomized frogs 
whose postoperative body weights were either 
uncontrolled (X), or controlled (□) to within 
— 1.5 g of their respective preoperative values, 
and the control frogs — renal damaged (Q) and 
unoperated (•). Volume of dehydrating system 
= 2230 ml, dry air current 4.7S mm Hg. temp. 
18-22‘’C. 

absence of heart action and presence of fat 
bodies. In only- 3 frogs of the 4 groups studied 
were feeble heart beats obser\-ed on autopsy 
which were not detected immediately before. 
These hearts failed to survive the half-hour 
interval following the close of the e.xperi- 
mental run. These data are not included in 
the results presented. 

Results. The various mean values for the 
percentage loss in body weights for the 4 
groups of frogs are plotted in Fig. 1 as func- 
tions of time of exposure in hours to a constant 
dehydrating force. The means of the various 
data have been statistically compared for 
significance by ‘'Student’s'’ method and are 
presented together with their respective “t’’ 
values in Table I. The figure and table are 
self-e.\planatory after recourse to their ac- 
companying legends. 

W hen data from the 4 groups of frogs are 
analyzed for a, rate of loss and* b. total loss 
of body weight, and c, duration of survival, 
the following orders of statistical significance 
are indicated (see Table I): the 2 groups of 
controls (renal damaged and unoperated) 
show no significance for the foregoing items 


b and c, though a is probably significant. 
For reasons to be discussed, the renal dam- 
aged frogs are considered the controls for all 
subsequent comparisons. A comparison of 
data from the adrenalectomized frogs gives 
no significance for the aforementioned items 
a, b, and c. However, when either group of 
adrenalectomized frogs are compared with 
their controls, a high degree of significance is 
found for items a and b, and for item c as it 
affects the controlled but not the uncontrolled 
adrenalectomized frogs. 

Discussion. The assumption is made here 
that any loss in body weight during the rela- 
tively short period of exposure to a constant 
force of dehydration is due to loss of body 
water. 

The only significant difference between 
data from the 2 groups of controls (un- 
operated and renal damaged) lies in the re- 
spective rates of water loss. This difference 
is interpreted as due to the reduction in the 
total effective dehydrating surface of operated 
frogs arising from the encroachment of the 
thickened integument at the line of suture 
(4-5 cm) and of the loss in integument in 
effecting this suture. For this reason, the 
renal damaged frogs must be regarded as the 
true controls. 

Since the difference between the respective 
means for data obtained from the 2 adrenalec- 
tomized groups is not significant, it remains 
to compare both of these groups wth their 
controls. It has been shown that uncontrolled 
adrenalectomized frogs undergo postopera- 
tively a progressive increase in body weight, 
so that, e.g., on 7 and 12 days the mean body* 
weight has increased by 28 and 33% re- 
spectively.® The 2 groups of adrenalecto- 
mized frogs when compared with the control 
show a highly significant decrease in the rate 
and in the total loss of body water; they 
differ between themselves in that the sun'ival 
time is probably significant (P <0.02) for 
the controlled but not for the uncontrolled 
(P >0.05) adrenalectomized frogs. Were, 
possibly, the increase in osmotic pressure, re- 
sulting from forced dehydration, the underly*- 
ing cause of this difference, then the uncon- 
trolled. having the greater initial water load 

3 Angcror, C. A., unptihlislied U.-.t.n. 
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rats” and frogs,-’ and non-nucleated erythro- 
cytes of dogs,-* cats,-"’ and rats") is known to 
increase following adrenalectomy. Water shift 
in final analysis is the resultant of opposing 
osmotic forces acting across the plasma mem- 
brane of the particular cell in question. Since 
water shift, and more specifically osmotic 
pressure, is the variable under consideration, 
it appears, from the very nature of the prob- 
lem that an aquatic animal, like the frog, is 
the experimental material of choice. The 
frog imbibes water continuously through its 
integument when in an aqueous environment." 

The present studies were undertaken to 
determine the effect of known durations of 
exposure to a constant dehydrating force on 
a, rate and on b, total loss of body water, and 
on c, survival time of adrenalectomized frogs. 

Method. Male frogs {Rana pipiens) weigh- 
ing between 20 and 35 g and showing fat 
bodies on autopsy were used in these experi- 
ments. Ail frogs employed in this work may 
be conveniently divided into 4 groups (18-22 
frogs/group): adrenalectomized frogs whose 
postoperative body weights were either (1) 
vneontroUed, that is, no attempt was made 
during the postoperative period to maintain 
the frog’s weight at its preoperative value or 
(2) controlled, that is, the frog’s postopera- 
tive body weight was maintained to within 
dr 1.5 g of its preoperative value, and the 
controls which consisted of both (3) an- 
operated and (4) renal damaged frogs. 

Adrenalectomy was performed bj' “cold” 
cautery. Adrenal insufficiency was deter- 
mined by the characteristic failure of the 
individual frog to perform successfully the 
righting reflex in not less than 3 and not more 

2Crismon, J. M., .ind 3F'ield, J., 2nd., Am. J. 
Fhy.^iol., 1940, 130, 231. 

3 Angerer, C. A., and Angerfir, H. H., Fed. 
Froe.., 1942, 1, 3. 

■iHarrop, G. A., Bvlt. Johns Hopkins Hasp., 
1936, 59, 11. 

5 Hegnauer, A. H., and Robinson, E. J., J ■ Fiat. 
Chem.. 1936, 116, 769. 

« Gonzalez Q., .T., and Angerer, C. A., Am. J. 
Fhysiol., 1947, 149, 502. 

T Adolph, E. F., Physiological Regulations, p. 
110, The Jaques Cattell Press, Lancaster, Fa., 
1943. 


than 5 successive attempts, after previous 
observation of its stance and color.®-'* 

Dehydration was effected by. placing the 
desired frog in a closed system (Scheibler 
desiccator) of constant volume (2230 ml). 
This chamber -was lined, except for the upper 
surface and a lateral window, with a de- 
hydrating agent (anhydrous CaClo). The 
system was continuously flushed during the 
experiment, except at the time of weighing of 
the frog, with washed, dried air entering via 
an 8-mm inlet under a pressure of 4.75 mm 
Hg. A given frog was placed in a closed wire 
basket of such size as to prevent excessive 
movements and of such design as to permit 
observation of all aspects of the body surface. 
This basket served both as a scale pan for it 
was suspended via a separate vent, provided 
for closure during the experiment, to a super- 
imposed beam of an analytical balance, and 
as an electrode, for the basket was in circuit 
with 1 lead of an inductorium. The other 
electrode was stationary, though in such a 
position as to contact any portion of the 
ventral surface of the frog in its movable cage. 

A frog, after being placed in the desiccating 
chamber, was immediately weighed to the 
nearest 0.1 g. The moment of initial weight 
determination (elapsed time ca. 1 min.) was 
considered zero time. All subsequent weigh- 
ings were made at half-hour intervals until 
the animal was declared dead (death point). 

The death point was determined by the 
persistent absence of rhythmical heart beats. 

A very effective preliminary index, less ar- 
duous and thus less time-consuming, was the 
disappearance of skeletal muscle reflexes on 
faradic stimulation of the ventral integument 
with a pointed exploratory electrode, and also 
the less consistent, but more readily observed, 
buccal respiratory movements. The heart and 
buccal movements tend to accentuate as body 
volume decreases with continued dehydration. 
This favorable circumstance tends to offset 
the enfeebling of these movements prior to 


terminal stage. 

lutopsies were performed on all frogs im- 
diately upon termination of an e.xperi- 
ntal run in order to confirm 

.— 7 , de Physiol, 1937 , AC,, 
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duction of free-moving particles or a pos- 
sible increase of osmoticall 3 ^-active particles, 
is to be considered as another example of 
stress with which the adrenalectomized or- 
ganism fails to cope. 

Summary. All frogs employed in this studj' 
may be conveniently^ divided into 4 groups 
(18-22 animals/group) : the adrenalectomized 
frogs whose postoperative body^ weights were 
either controlled, to within ± 1.5 g of their 
individual pre-operative values, or uncon- 
trolled; and the controls, both renal damaged 
and unoperated frogs. The individuals of 
each group were subjected to a constant de- 
hydrating force and the resulting data were 
statistically analj'zed with respect to the fol- 
lowing points: a, the rate of loss and b, the 
total loss of body weight (water) and c, the 
duration of sur\'ival on exposure to a constant 
force of dehy^dration. 

1. A comparison of the difference between 
respective means of the 2 groups of ad- 


renalectomized frogs shows no significance as 
regards the foregoing items a, b, and c. 2. 
Comparison between the 2 groups of controls 
(renal damaged and unoperated frogs) gives 
no significance with respect to items b and c, 
though it does for a. 3. A comparison between 
the respective means for either group of ad- 
renalectomized frogs and their controls 
(renal damaged) produces a significance for 
a and b, and for c as it affects the death point 
of the controlled but not of the uncontrolled 
adrenalectomized frogs. 4. On the basis of the 
known cardiovascular embarrassment subse- 
quent to adrenalectomy, it is suggested that 
the increased osmotic pressure resulting from 
the forced water loss and the attendant de- 
crease in peripheral circulation brings an in- 
creased osmotic stress to bear on an already' 
weakened heart action. It is suggested that 
this stress is the deleterious factor in affecting 
the physiological points raised. 

Received July 5, 104!L P..S.E.B.yr., 1049, 71. 


17292, Use of Antitryptic Agents in Tissue Culture. I. Crude Soybean 
Trypsin-Inhibitor.**! 

Joseph F. jMorgan and R.ay'mond C. Parker. 

From the Connaught iledica! Fcscarch Lahoratorics, Vnivcr.<iity of Toronto. 


Substances that inhibit the proteolytic 
activity of trypsin have been found in serum 
and plasma,' in egg white," in navy' beans and 
soybeans.^ and in extracts of pancreas.'*’® 

* Tills iiivestigiitiou was supported, in part, by 
Rraiits from the National Cancer Institute of 
Canada, and the Ontario Cancer Treatment and 
Research Foundation. 

t Grateful acknoivicdgenient is made to Miss M. 
Ogilvie, Mrs. C. .T, I^orter, and Mr. C. J. Mae- 
hayden for technical assistance. 

t Grob, D., J. Gen. Physiol., 1943, 20, 405. 

- Balhs, A. K., and Swenson, T. L., J. Siol. 
Ghcm.. 1934, 100, 409, 

3 Bowman. D. E., Pr.oc. Soc. Exp. Biol. .tXD 
itKD., 1944. o7, 139. 

1 Kiinitz, M.. and Northrop, J. IT., J. Gen. 
Phy.sioL. 1930, 10, 991. 

I’Kazal, B. A., Spicer, B. S., and Brahinsky, 
R. .\., .7. .Im. Chem. Soc., 194S. 70, 3034. 


Because of the great activity' of these anti- 
tryptic agents, it seemed of interest to inves- 
tigate the possibility' of using them in tissue 
culture as a means of preventing the digestion 
of the plasma coagulum that frequently oc- 
curs during the growth of cells in vitro.^’'^ 
The soybean antitrypsin,! which has been 


9 Lambert, R. A., and Hanes, F. M., .7. Fxp. 
iled., 1911, 1.1. 495. 

7 Losee, J. R,, and Ebeling, A. H., .7. Exp. ilcd., 
1914, 10, 593. 

s Santesson, L., Jeta path, ct microhiol. Scand., 
1935, Suppl. 24 

i It is interestiiiR to note that Fischer lias just 
reported (Fischer, A.. .Science, 1949, 100, Cll) a 
.series of e.xperimcnts with erystalline soybean 
trypsin inhibitor supplied by Kunitz.o His results 
are in complete accord with tho.se reported here. 

OKunitz, M., J. Gen. Physiol., 1947, .10. 291. 
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TABLE I. 

Summary and Comparison (I-test) of Mean Values for All Bata (Line 3) Obtained from the Various 
Groups of Frogs Subjected to a Constant Force of Bebydration. 


Frogs Adrenaloctomized Control 


Experimental 

groups 

Statistical 

classes 

t 

1 

5Vt uncontrolled 

o 

Wt controlled 


3 

Kormal 

-i 

Rena! damaged 

a 

% 

h 

% 

c 

ht 

a 

% 

6 
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c 

hr 

ft 

% 

h 

% 

c 

hr 

ft 

% 

6 

% 

% 

c 

hr 

Jle.an 

24.2 

32.2 

3.3 

24.6 

28.4 

2.7 

35,8 

. 48.0 

4.0 

32.9 

43.4 

.3.8 

S.E 

I. rt 

0.7 

1.9 

0.3 

1.2 

1.4 

0.4 

1.0 

1,0 

0.1 

0.7 

1.2 

0.1 

S.B. ± 

2.3 

O.G 

1.0 

4.0 

4.7 

1.4 

3.4 

3.5 

0.4 

2.3 

4,0 

0.5 

I 


0.30 

1.63 

1.19 










03 


KS 

NS 

KS 










449 

4 

9.32 

5.07 

1.55 

6.20 

8.43 

2.54 

2.46 

1.53 

1.09 





w 

HS 

HS 

KS 

HS 

HS 

S 

S 

KS 

KS 





Any given letter among the following (line 3) indicates the same variable studied in any group of 
frogs "(lines 1 and 2) and this meaning is used throughout the text: 

(t = % loss of body weight at the end of 2-hour period of dehydration; 

6 = % total loss of body weight at death-point; 
c = Buration of dehydration in hours until death-point. 

S.E. = Standard error, and S.B. = Standard deviation of respective mean. , • 

t-test = Statistical comparison of ratio of difference between an indicated pair of means/estimatca 
standard error of this difference. tt- n 

Statistically; KS = Xot significant (P >0.05); S = Significant (P 0.05-0.01) ; HS = Highly sig- 


nificant (P <0.01). 


in comparison with the controlled adrenalec- 
tomized frogs, not only should survive longer 
but also should suffer the greater rate and the 
greater total loss of body water. None of 
these postulates is met on comparing the 2 
groups of adrenalectomized frogs; but on 
comparing the latter groups with their con- 
trols the reverse tends to be true. The con- 
clusion reached is that the adrenalectomized 
frogs can tolerate relatively slight loss in 
body water before lethal effects are encoun- 
tered. This is not due to any decrease in 
permeability of the integument of adrenalec- 
tomized frogs, for all evidence points to an 
increase in permeability^® in general and for 
frog skin® in particular. 

The decreased rate of dehydration found 
in both groups of adrenalectomized frogs may 
be interpreted as due to the immediate de- 
crease in replenishment of body fluid at the 
body surface. This condition may arise from 
the hemoconcentration and hemostasis known 
to occur in peripheral vessels as a result of 
adrenocortical insufficiency or ablation.’* 

10 Hartman, F. A., EnrlocrinoUpy- 1942, 30, 863. 

11 Swingle, W. W., Vars, H. 51, and Parkins, 
5V. M., Am. J. Physio!., 1934, 109, 488. 


Physiologicall}’', forced dehydration has much 
in common with siveating but without benefit 
of the concomitant vasodilatation arising 
from the increase in environmental tempera- 
ture, Sweating, and dehydration, like ad- 
renocortical insufficiency, leads to a further 
decrease in plasma volume.*' Thus, a de- 
creased plasma volume, together with an in- 
creased blood viscosity and osmotic pressure, 
has a deleterious effect on an already weak- 
ened heart action*-* which follows in the wake 
of adrenalectomy. 

That mammals deficient in adrenal cortical 
hormone are less able to withstand various 
forms of stress (certain types of drugs, 
poisons, toxins, infections, variations in en- 
vironmental temperature, barometric pressure 
and traumatic procedures) is too ivelj-knoun 
to require elaboration.*" 
in osmotic pressu re induced either b}. a r^ - 

l-'Adolpb E. F., Pli.vsiology of 51ui ia rt® 
Besert, P 176, Interscieiicc Publishers, Ir>c., Aew 

Joh«s Sophins Bosp., 193o, T W 

M swingle, W. W., and Bemmgton, J. 

Physio!. Pov., 1944, SM, 89- 
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their controls were incubated for 7 days and 
were obseri'ed each day for signs of digestion 
of the coagulum. It was found that antitrj'p- 
sin levels between 5.0 mg per ml and 0.25 mg 
per ml completely prevented digestion of the 
plasma coagulum, while lower concentrations 
were not effective. Fig. 1 and 2 show two 
representative cultures selected from this 
series and photographed at 1 1 da 3 's. 

Comparable results were also obtained in 
other e.x'periments in which fibrinogen-throm- 
bin clots were used. In these instances, the 
effective concentrations of antitrypsin w-ere 
found to be between 5.0 and 0.25 mg per ml. 



Fig. 1 and 2. 

Elovcn-d.'iy sister cultures of 12tli passage cliick 
fibroblasts cultivated in plasma medium in the 
presence of O.o mg antitrypsin per ml (Fig. 1), 
und in tbe absence of antitrypsin (Fig. 2). X 1. 

Fig. 3, 4, 5 and 0. 

Seven-day sister eullurcs of lath passage chick 
fibroblasts cultivated in plasma medium in thi 
presence of 1.0 mg antitrypsin jier ml (Fig. 3) 
O.a mg per ml (Fig. 4). 0.2.'. mg per ml (Fig. 5) 
and in tbe absence of antitry]isin (Fig. 0). X 3 


In both Uiies of coagulum, control cultures 
usually gave evidence of initial digestion 
within 24 to 48 hours. This appeared first as 
a thin ring in the medium a short distance 
from the tissue fragment, and progressed 
rapidly to form a crater containing liquefied 
plasma. The tissue fragment contracted very 
considerabh’’, and in most cases was found 
floating freelj' in the liquid plasma. Cell 
growth frequently occurred on the surface of 
the glass beneath the digested area. 

hihibition of plasma coagulation by anti- 
trypsin. It was found that the presence of 
high concentrations of the crude trypsin-in- 
hibitor (5.0 to 1.0 mg per ml) prevented 
normal plasma coagulation in the presence of 
embryo extract. The addition of a few' drops 
of dilute thrombin overcame this inhibition 
and permitted normal clot formation. This 
finding is in agreement with the results of 
Tagnon and Soulier,*® who reported that both 
crude and crj'stalline antitr 3 psin from soy- 
beans had a marked anticoagulant effect upon 
whole blood and recalcified plasma, but had 
no antithrombic activity. In the present in- 
vestigation, it was also noted that the anti- 
clotting activit 3 ' of tr 3 'psin-inhibitor was more 
pronounced w'hen heparin or citrate was 
present in the plasma. 

Inhibition of tissue growth by antitrypsin. 
The presence of crude so 3 'bean antitrw’psin was 
found to retard the growth of the culture 
strains that were used as test material. The 
effect was most pronounced at high concentra- 
tions, 3.0 to 1.0 mg per ml. Cultures main- 
tained in such high antitr 3 'psin concentrations 
were observed to have a total area that was 
20 to 30% less than the area of sister cul- 
tures grown in the absence of antitr 3 'psin. 
The toxicit 3 ' was less evident at lower levels, 
0.5 to 0.25 mg per ml. Inhibition of growth 
was not uniform, however, in all cultures 
tested; and in some e.xperiments the inhibi- 
tion was negligible even at concentrations of 
3.0 mg per ml. The effect of graded levels of 
crude antitry'psin on 15th passage strain 
cultures is showm in Fig. 3, 4, 5 and 6. 

Repeated passage of cultures through media 

>3 T.'ignon, H. .T., .nnd Soulier, J. P., Pnoc. .Soc. 
Exr. Biol, .vkd Med., 1940, «1. 440. 
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shown by Kunitz® to be a protein of globulin 
nature, was selected as the first agent to be 
studied in the present investigation. 

Methods. Crude trypsin-inhibitor was pre- 
pared from solvent-extracted unheated soy- 
bean flakes^ by the method of Kunitz.^® This 
material was dried from the frozen state, and 
the resulting powder was kept in the refrig- 
erator. The activity of each preparation was 
determined by its ability to prevent the di- 
gestion of casein by ti: 3 'psin, according to the 
procedure of Kunitz.® In these tests, graded 
amounts of antitrypsin were added to a stand- 
ard solution of trjTpsin and the degree of pro- 
teol 3 'sis was then measured colorimetrically as 
tjnosine liberated by Folin’s reagent. For 
use in tissue cultures, the dried powder was 
dissolved in 0.01 N HCl, and the material 
was sterilized by passage through a UF frit- 
ted glass filter. Stock solutions were diluted 
further in sterile glass-distilled .ivater to the 
desired concentrations. .'\11 sterile solutions 
were kept in the refrigerator, and were found 
to retain their antitryptic potency for a period 
of at least 6 to 8 months. 

Culture strains of fibroblast-like cells were 
derived from the leg muscle of ll-da 3 '’ chick 
embryos, and were cultivated in D-3.S flasks 
through at least 10 to 12 passages (weeks) 
before use. In some e.xperiments, use was 
made of fresh tissue e.xplants. 

The coagulum added to each flask consisted 
of 0.3 ml chicken plasma, 0.3 ml chick embryo 
extract, 0.3 ml Earle’s modification of Tyrode’s 
solution,^^ and 0.1 ml phenol red (0.025% 
in Earle’s solution). In addition, a feeding 
mixture was added to each culture flask on 
the second day and was renewed on the fourth 
and sixth days. This feeding mixture was 
comprised of 0.3 ml embryo extract, 0.6 ml 
Earle's solution, and 0.1 ml phenol red solu- 
tion. At no time w'as the original coagulum 
reinforced by the addition of another layer 
of plasma. 

^Obt.nined ttirovgU the courtesy of Dr. W, D. 
McFarhinc, C.onadian Breweries, Ltd., Toronto, 
Ontario. 

10 Kunitz, M., J. Gen. Fhysiot., 1946, 29, 149. 

11 Earle, W. B., J- -V«t. Cancer Inst., 1943, 4, 
165. 


Embryo extract was prepared by grinding 
11 -day chick embryos that were suspended in 
a roughly equivalent volume of Earle’s solu- 
tion in a graduated all-glass homogenizer. 
After the cell debris had been separated b 3 ' 
centrifuging, the supernatant was frozen and 
thawed twice. This concentrated extract was 
diluted in Earle’s solution to 1 part in 4 and 
was kept as a stock solution in the refrigerator. 
The stock solution w’as further diluted in 
Earle’s solution to a final concentration of I 
part in 20 immediately before use. 

The antitryptic factor (O.I ml of an ap- 
propriate dilution) was added to both the 
original coagulum and the feeding mixture in 
place of 0.1 ml of Earle’s solution, .-^n equal 
volume of glass-distilled ivater was added to 
all control cultures. 


In some experiments, the effect of antitr 3 p- 
sin was tested on cell colonies cultivated in 
fibrinogen-thrombin clots prepared by the 
method of Porter and Hawn.*® To these cul- 
tures, 0.3 ml of serum nws added to provide 
the nutrient materials ordinarily supplied by 
the plasma. 

When the tissue transplants were prepared 
from strain material, each of the cultures chos- 
en for an experiment was cut into 4 fragments 
of approximately equal size, and 3 of the frag- 
ments were embedded in separate flasks con- 
taining graded amounts of antitr 3 psin. The 
fourth fragment in each set served as a control 
and was cultivated in the absence of anti- 
trypsin. Each e.xperiment consisted of at 
least 3 sets of cultures containing the same 
ingredients. 

To test for possible inliibition of migration 
and growth by the antitryptic^ agent, outline 
drawings showing the increase in surface area 
were made daily by means of a projectoscope, 
and the increments were measured with a 


meter. ; . . t 

'.suits. Prevention of clot digestion. In 
ninary experiments, crude antitr}^sin, 
ired as described, was added to a series of 
passage sister cultures at final concentra- 
of S.O, 3.0, 2.0, I.O, 0.5, 0.25. 0.1. and 
tng per ml. These cultures togeth er with 

Bioii Ajm itsD., 194", Cj, 30. . 
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17293. Studies of Experimental Pulmonary Edema. I. Pulmonary Edema 
from /-Epinephrine and /-wor-Epinephrine (Arterenol).^ 

Eaton jM. ^NIacKay and Elden F. Pecka, Jr. 

From ihe Scripps Metabolic Clinic, La Jolla, Calif. 


Large doses of epinephrine result in death, 
accompanied an acute pulmonar\' edema 
in various species.^“^ Studies of pulmonarj' 
edema caused by a number of compounds sug- 
gested that the mechanism ma}’’ be b\' way 
of the release of pressor amines from the 
adrenal medulla. The recent discover^’- that 
this organ contains'*'® and releases l-nor- 
epinephrine*® as well as 7-epinephrine made it 
desirable to compare the production of pul- 
monary edema by these compounds. 

Experimental. Unfasted guinea pigs were 
used with equal sex distribution in the various 
groups. The /-epinephrinel and the l-nor- 
epinephrine (/-arterenol) were administered 
as the hj'drochlorides in 0.9% NaCl in .con- 
centrations near 0.1%. In those experiments 
in which it was used, the adrenergic block- 
ing agent, X-(9-fluorenyl)-N-ethyl-^-chlor- 
eth\-laniine-HCl (“SKF-501”)! was dissolved 


* Supported by .a gr.ant from the Life In 5 urance 
Medical Eesenrch Fund. 
iMcltzcr, S. .T., Am. Med., 1904, 8, 191. 

- Emerson, H., Arch. Int. Med., 1909, 3, 3GS. 

Stone, C. A., and Loew, E. E,, Proc. Soc. Exp. 
Biol, axd Med., 1949, 71, 122. 

Scliiiinaim. H., Klin. V’sclir.. 194S, 20, 37. 
r'5 Holton, P.. Xainrr, 1949, 1G3, 217. 

'^Pitcairn, D. M., and Younians, IV. B., Fed. 
Proc.. 1949, 8, 127. 

Euler, E. S. von. and Hamberg, L'., Xainre, 
1949, 1C3, 042. 

Goldenbcrg, M., Faber, JI., Alston, E. J., and 
Cliargatr, E. C., Science, 1949, 100, 534. 

Tullar, B. F., Science, 1949, 100, 530. 

Eulbring, E., and Burn, J. II., Xatnre, 1949, 
103, 303. 

t The I cpinephrine (Adrenalin) used was a 
spcoially jiurifiod sample of the natural product 
for which we are indebted to Dr. Leon A. .Sweet 
of I’arkc, Davis .t: Company. It contained only a 
trace of t-iior epinephrine (arterenol). 

t We are indebted to Dr. Glen E. ITIyot of the 
Smith, Ivline vt 1 ranch L.abor.atories for generous 
supplies of “SKF-501.” 


in saline as a 0.1% solution for doses of 2 
mg/kg 10-15 minutes before the pressor amine. 
The solutions were given intravenously via 
the penile vein in males and intracardially in 
female animals. There were 6 guinea pigs in 
each group. The degree of pulmonary^ edema 
was determined by the weight of the lungs.® 

Results. Our data are summarized in Table 
I. The /-epinephrine, e.xcept in the dose of 
.001 miM/kg (from which they recovered and 
were sacrificed with ether an hour later), was 
rapidh' fatal. Groups 3 and 4 survived an 
average of 11 and 4 minutes respectively. On 
the basis of previous e.xperience, /-;mr-epi- 
nephrine was used in larger doses than the 
epinephrine but although the higher doses 
(Groups 8 and 9) prostrated the animals, 
the}’- recovered and were etherized an hour 
after the drug was given. Higher doses of nor- 
epinephrine were required to cause pulmonarj- 
edema and with the highest dosage used. .004 
mM/kg, it failed to exceed that which re- 
sulted from one-fourth as much epinephrine. 

These results are in accord with those of 
Tainter, Tullar and Luduena** who found that 
the LD.-;o of intravenously administered /-nor- 
epinephrine in mice is eight times less than 
that for /-epinephrine. Undoubtedh' these 
results were in part due to pulmonary edema. 

Stone and Loew.® and others have shown 
that certain adrenergic blocking agents are 
capable of reducing epinephrine-induced pul- 
monarj’ edema in animals and this effect has 
been used as one measure of the effectiveness 
of adrenergic blocking agents. We adminis- 
tered X- ( 9-fluorenyl ) -X'-ethyl-/8-chlorethy]- 
amine (“SKF-SOl”). a /1-haloalkylamine, 10- 
15 minutes before the pressor amines. It pre- 
vented the occurrence of any symptoms what- 
ever or of grossly measurable pulmonary 
edema othenvise induced by toxic doses of 
either /-epinephrine or /-nor-epinephrine. 

II Tainter. M. L., Tullar, B. F., and Lufluena, 
F. P.. Science. 194S. 107, 39. 
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containing inhibitory levels of antitrypsin re- 
sulted in a gradual disappearance of the 
growth-depressing effect. The cultures ac- 
quired a tolerance to antitr 3 q)sin after 3 to S 
passages, and thereafter appeared to grow 
normally in 'the presence of concentrations 
that had previously been found- to be inhibi- 
tory. 

Effect of trypsin-inhibitor on fresh tissue 
explants. When a study was made of the ef- 
fect of several concentrations of crude soybean 
antitriTisin on fresh tissue e.vplants in their 
first culture passage, it ivas found that levels 
of 1.0, 0.5, and 0.25 mg per ml completely 
prevented digestion of the plasma coagulum. 
It was also noted that fresh tissues were much 
less sensitive to the toxic action of antitrypsin 
than were strain cultures, and concentrations 
as high as 3.0 mg per ml had no appreciable 
inhibitory effect. This absence of growth in- 
hibition was also observed in cultures of fresh 
tissues carried in fibrinogen-thrombin clots. 

Discussion. Digestion of the plasma coagu- 
lum by growing cells has presented a consid- 
erable problem since the earliest days of tissue 
culture. Thus, Losee and Ebeling,^ working 
with human culture material, attempted to 
prevent liquefaction of the plasma by the ad- 
dition of serum, agar and egg albumin. Al- 
though these experiments were unsuccessful, 
it was found that dilution of the plasma with 
an equal volume of Ringer’s solution slowed 
down the rate of digestion sufficiently to al- 
low short term experiments to be carried out. 
CarreP^ reported that he was able to protect 
fibrin clots from digestion by the addition of 
a little serum, a small amount of sodium lino- 
leate, or a suspension of egg yolk. Of the 
various sera that have been employed, horse 
serum has proved to be most suitable, al- 
though it has the undesirable property of re- 
tarding the rate of cell multiplication. In 
many laboratories, the proteolytic action of 
tissues cultivated in plasma is controlled by 
the addition of a second layer of plasma, on 
the day following preparation of the cultures. 
Subsequent layers of plasma are then added 
as they become necessary. This procedure 


takes considerable time and requires large 
amounts of plasma. 

Some investigators®'!^ have attributed di- 
gestion of the plasma coagulum to proteo- 
lytic enzymes secreted by the cells during 
active growth. Others!®-!" have advanced the 
hypothesis that cells in tissue culture elaborate 
an activating substance that transforms an 
inactive precursor, profibrinolysin, present in 
the medium, into an active proteolytic enz.vme, 
fibrinolysin, which then digests the clot. The 
present obsen'ations can be interpreted on the 
basis of either of these h 3 potheses. 

The results reported in the present paper 
indicate that the incorporation of antitrvptic 
agents in the culture medium offers promise 
of a solution to the troublesome problem of 
clot digestion. It is realized, of course, that the 
slight inhibition of growth caused b\' crude 
soybean antitrypsin presents a serious ob- 
stacle to its routine use. But further studies 
are now in progress with more highly purified 
preparations of the trypsin-inhibitor in an ef- 
fort to eliminate the growth-retarding factor. 
It is also planned to extend the present investi- 
gation to a study of antitriptic agents derived 
from other sources. 


Summary. Crude soybean tr}psin-inhibi- 
tor has been found to prevent digestion of 
plasma and fibrinogen-thrombin clots by tis- 
sues growing in vitro. The presence of anti- 
trypsin retards the normal coagulation of 
plasma but this inhibition can be overcome by 
the addition of thrombin. The growth of 
strain cultures of fibroblast-like cells is some- 
what depressed by high concentrations of anti- 
tiypsin, but the inhibitorj'^ effect can be elimi- 
nated by repeated cultivation in antitr}psin. 
Fresh tissue e.xplants are not as sensitive as 
strain cultures to this inhibitory action. 


IS Dcmuth, F., and ron Bicscn, I., Biochem. Z., 
1928, 203, 22. 

iSAstrup, T., .and Permin, P. it-, Baturr, 1,4(, 

139, 681. , „ , 

iTGoIdh-aner, P., Cornman, I- and Ormsbec, 
{. A. Pkoc. Soc. Exp. Biol, axd JtED., 
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n292i. Studies of Experimental Pulmonary Edema. I. Pulmonary Edema 
from /-Epinephrine and /-Mor-Epinephrine (Arterenol).^ 

Eaton ]\I. jMacKay and Elden F. Pecka, Jr. 

From the Scripps Itctaholic Clinic, La Jolla, Calif. 


Large doses of epinephrine result in death, 
accompanied an acute pulmonarj’’ edema 
in various species.^”^ Studies of pulmonarj' 
edema caused bj- a number of compounds sug- 
gested that the mechanism ma}'' be by waA' 
of the release of pressor amines from the 
adrenal medulla. The recent discoverj’- that 
this organ contains^'” and releases /-nor- 
epinephrine^® as well as /-epinephrine made it 
desirable to compare tlie production of pul- 
monarj* edema by these compounds. 

Experimental. Unfasted guinea pigs were 
used with equal sex distribution in the various 
groups. The /-epinephrine^ and the /-nor- 
epinephrine (/-arterenol) were administered 
as the hydrochlorides in 0.9% NaCl in .con- 
centrations near 0.1%. In those e.xperiments 
in which it was used, the adrenergic block- 
ing agent, N-(9-fluorenyl)-N-ethyl-/3-chlor- 
ethylamine-HCl (“SKF-501”)* was dissolved 


* Supported liy .a grant from the Life In 5 Urance 
iledical Eesearch Fund. 

1 Meltzer, S. J., Am. Med., 1904, 8, 191. 

-Emerson, H., Arch. Int. Med., 1909, 3, 3CS. 

Stone, C. A., and Loew, E. E., Proc. Soc. Exp. 
Biol, axd Med., 1949, 71, 123. 

•I Schiimann, H., Klin. Vsehr., 194S, 2C, 37. 
r'tllotton, P., Xature, 1949, 1C3, 217. 

-^Pitcairn, D. M., and Younians, IV. B., Fed. 
Proc., 1949, 8, 127. 

Euler, E. S. von. and Hamherg, L'., Xatvre, 
1949, 103, 042. 

Goldenberg, M., Faber, M., Alston, E. J., and 
Chargaff, E. C., Science, 1949, 10!), 534. 

Tullar, B. F., Science, 1949, 109, 530. 

Bulbring, E., and Burn, .T. H., Xalurc, 1949, 
103, 303. 

1 The lepinepbrinc (Adrenalin) used was a 
specially imrified sample of the natural product 
for which we are indebted to Dr. Leon A. Sweet 
of Parke, Davis iS: Company. It contained only a 
trace of t-iior-epinepbrinc (arterenol). 

; We are indebted to Dr. Glen E. I'llyot of the 
Smith, Kline X' 1 rench Laboratories for generous 
supplies of “SKF-501.” 


in saline as a 0.1% solution for doses of 2 
mg/kg 10-15 minutes before the pressor amine. 
The solutions were given intravenously via 
the penile vein in males and intracardially in 
female animals. There were 6 guinea pigs in 
each group. The degree of pulmonary edema 
was determined by the weight of the lungs.-'' 

Results. Our data are summarized in Table 
I. The /-epinephrine, e.xcept in the dose of 
.001 niM/kg (from which they recovered and 
were sacrificed with ether an hour later), was 
rapidly fatal. Groups 3 and 4 survived an 
average of 1 1 and 4 minutes respective!}'. On 
the basis of previous e.xperience, /-wor-epi- 
nephrine was used in larger doses than the 
epinephrine but although the higher doses 
(Groups 8 and 9) prostrated the animals, 
they recovered and were etherized an hour 
after the drug was given. Higher doses of nor- 
epinephrine were required to cause pulmonari'' 
edema and with the highest dosage used, .004 
mM/kg, it failed to exceed that which re- 
sulted from one-fourth as much epinephrine. 

These results are in accord with those of 
Tainter, Tullar and Luduena'^ who found that 
the LDjo of intravenously administered /-nor- 
epinephrine in mice is eight times less than 
that for /-epinephrine. L’ndoubtedly these 
results were in part due to pulmonary edema. 

Stone and Loew.® and others have shown 
that certain adrenergic blocking agents are 
capable of reducing epinephrine-induced pul- 
monary edema in animals and this effect has 
been used as one measure of the effectiveness 
of adrenergic blocking agents. We adminis- 
tered X- ( 9-fluorenyl ) -X-ethyl-/3-chloreth}'l- 
amine (“SKF-501”). a //-haloalkylamine, 10- 
15 minutes before the pressor amines. It pre- 
vented the occurrence of any symptoms what- 
ever or of grossly measurable pulmonary 
edema otherwise induced by toxic doses of 
either /-epinephrine or /-Hor-epinephrine. 

)! Tainter, M. L., Tullar, B. F., and Luduena, 
F. F., Science. 194S. 107, 39. 
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Pulmonary Edema Caused bv 

TABLE I. 

t-epinephrinc and t-iior-epineplirine in Guinea Pies 

Group 

No. 

Dose of drug, 
luM/kg body rTt* 

Avg 

body wt, g 

Avg lung wt 
g/100 g body wt 

% change 

Controls 





1 

0 

540 

0.55 dt .09 

— 

Z-epiuepliriue 




2 

.0010 

585 

1.27 ± .14 

-bl31 

3 

.0015 

520 

1.72 ± .13 

■f210 

4 

.0020 

C15 

1.62 ± ,06 

-fl91 

l-epineplirine preceded by N-(9-fiuorciiyl)-N-ctl(3-l-fl-cbloretlivlamine HCU 


0 

.0020 

605 

0.55 ± .OS 

0 

6 

.0050 

630 

0.56 ± .08 

4- 2 

t-)ior-epinepIirine (t-artcrenol) 




1 

.0020 

515 

0,97 ± ,16 

+ 76 

8 

.0030 

480 

1.13 ± .18 

■+105 

9 

.0040 

505 

1.25 ± .26 

-fl27 

t-j!Or-epiuep1irine preceded by N-(9-fluorenyl)-N-ofbvl-fi-clilorethvlamine HCU 


10 

.0040 

550 

0.51 ± .12 

7 

11 

.0050 

510 

0.58 ± .11 

-f- 0 


* 1 mil ephieplirine = 1S3 mg and 1 mil Jior-cpincplnine =: ICfi mg. i Adrenergic blocking 
agent known as "SKF-501” (sea tet). 


Suvwtary. I. As measured by lung weight a 
lesser degree of pulmonary edema is pro- 
duced toxic doses of /-iwr-epinephrine than 
smaller but toxic doses of (-epinephrine. 

2. N' ( 9-fluorenyl) -N-ethyl-^-chlorethyl- 

amine, a /J-haloalkylamine adrenergic block- 


ing agent, prevents all symptoms and the 
development of pulmonary edema due to to.xic 
doses of either /-epinephrine or /-wor-epineph- 
rine. 


Ecceived Julv IS, 19-19. P.S.E.B.il., 1019, 71. 


17294. The Mechanism by Which Dibenamine Blocks Pituitary Activation 
in the Rabbit and Rat. 


Charles H. Saivyer, J. E. Markee, and John W. Everett. 
(Introduced by Duncan C. Hetherington.) 

From the Department of Anatom!/, Dtike University School of Medicine, Durham, A . C. 


Markee, Sawi'er, and Hollinshead*’" pre- 
sented strongly indicative evidence that hypo- 
thalamic control of the release of luteinizing 
hormone from the rabbit hypophysis is ex- 
erted via a neurohumoral mechanism of which 
an adrenergic mediator is the final component. 
Ovulation, significant of LH release, was in- 
duced by injecting tiny amounts of adrenalin 

1 Jitarkee, J. E., Sawyer, C. H., and Holiinshead, 
W. H., Endocrinology, 1946, 38, 345. 

2 sr,arkee, .1. E.. Sawyer, C. H., and HoUinsbead, 
W. H., Decent Frogr. Hormone Fcscarcli, 1948, 
2, 117. 


directly into the adenohypophysis." Sawyer 
et al?'* reported confirmation of the adrener- 
gic nature of the secretion stimulus b}’ block- 
ing copulation-induced ovulation with the 
adrenergic-blocking agent dibenamine (A.h.- 
dibenzyl-jl-chloroethylamine).-''' Everett, Saw- 
yer, and Markee®’’’ extended t he i n stigation 


Sawrer, C. IT., Markee, J. E., and Hollinskcad, 
H., Endocrinology, 3947, -41, S9a. 

SaWer, C. 11., Markee, .1. E.. and Tawnsend, 
P., Endocrinology. 1.949, *W, IS. 




1948, 7, 397. 



Pituitary Activation and Dibenamine 


671 


TABLE I. 

Effects of Dibenamine, Priscol and 2-Dibenzylaminoetlianol on Activation of LH-Belease by the 

Anterior Hypophysis. 


Species 

Drug 

Dose, 

mg/kg 

Time of injection 
(relative to 
nervous stimulus) 

Ovulated 

(hypophysis 

stimulated) 

Failed to 
ovulate 
(stimulus 
blocked from 
reaching 
hypophysis) 

% blocked 
by drug 

Babbit 

Dibenamine* 

25-32 

<60 see. after 

3 

16 

84 

• 

Priscol* 

40-52 

<60 sec. after 

9 

1 

10 


2-dibenzyl- 

aminocthanol 

25-30 

<45 sec. after 

9 

1 

10 

Eat 

Dibenaminet 

30 

0-6 hr before 

S 

21 

72 


2-dibenzyl- 

aminoethanol 

30 

>2 hr before 

5 

0 

0 


* Data from Sawyer ct al.s 

t Data from Everett et al.l Six of the 8 ovulating rats were partially "blocked” as eridenced by 
incomplete or delayed ovulation. 


to the rat, finding that, in this spontaneously 
oinilating species, dibenamine also blocked 
LH-release. 

Dibenamine effectivelj' blocked ovulation 
in the rabbit only if injected ' intravenously 
uithin 60 seconds post coitum; if delayed a 
few minutes, ovulation followed in all cases.® 
Since dibenamine does not exert its maximal 
adrenergic-blockade until at least l.S hours 
after injection, Xickerson® recently suggested 
that the drug may inhibit LH release in the 
rabbit by a central nerv'ous effect independent 
of adrenotytic activity. Nickerson suggested 
further that this possibilitj' be controlled 
by the use of 2-dibenzylaminoethanol, 
a dibenamine-hydrolj'sis product which re- 
tains the central excitant properties but lacks 
the adrenergic-blocking power of dibenamine. 
The present e.xperiments demonstrate that 
2-dibenzylaminoethanol does not prevent ac- 
tivation of LH-release in the rabbit or rat, 
and that at least certain anti-adrenergic prop- 
erties of dibenamine are e.xerted within a 
matter of seconds after intravenous adminis- 
tration. 

Se.\-ually mature female rabbits and rats 

c Sawyer, C. H., Everett, J. W., and Marhce, 
3. E., Endocrinology, 1949, 44 ^ 218. 

T Everett, .T. IV., Sarryor, C. H., and Ifarkee, 
>T. E., Endocrinolopy, 1949. 44, 234. 

s Nickcr.'son, M., Endocrinolopy, 1049, 44 , 2ST. 


were employed. The rabbits were mated with 
a vasectomized buck, and 2-dibenzylamino- 
ethanol* was injected intravenoush' during 
the following 43 seconds. The rats, w'hose 
vaginal-smear records had each shown two or 
more regular 4-day cycles, were injected with 
the drug intravenously at noon on the day of 
proestrus. Previous work" had revealed that 
4-day C 3 Tlic rats of our colony receive the 
neurogenic stimulus for the release of LH 
between 2 and 4 P.M. on the afternoon of 
proestrus. 

The central excitatorj’^ effects of 2-dibenz3i- 
aminoethanol in rabbits are more dramatic 
though shorter lived than those induced by 
dibenamine. The most commonh" emploi'ed 
dosage of 2-dibenz}iaminoethanol, 23 mg,/kg, 
alwav's induced severe conimlsions lasting up 
to 20 minutes, and this dose level was nearer 
the LDso than was 30 mg/kg dibenamine. A 
dosage of 30 mg/kg 2-dibenzylaminoethanol 
was above the IMLD for rats, but in this 
species the e.\xitatory effects were somewhat 
less marked than those following a similar 
dose of dibenamine. 

The results of injections of 2-dibenz\d- 
aminoethanol, as they pertain to pituitary- 
activation are summarized in Table I and 
compared with the results of earlier work with 
dibenamine and priscol (benzyl-imidazoline). 

* Generously supplied by Dr. Nickerson. 
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TABLE ir, 

Belative Potencies of Drugs to Counternct Immediately a 2X-LgtlinI Bose of AclrcnaUn in Balibits. 



Dose, 

mg/kg 

Timing o£ drug 
injection in 
seconds from 

0 time 

Timing of 1 
mg/kg adrenalin 
inj. in seconds 
from 0 time 




Drug 

Bcga 

n Ended 

Began 

. Ended 

.Survired 

Died 

VC 

profcction 

— 

— 

— 

— 

0 

15 

0 

10 

0 

Dibenamine 

30 

0 

45 

45 

60 

0 

0 

100 

Priscol 

40 

0 

4o 

45 

60 

1 

4 

20 

2-Dibenzy!- 

aminoethanol 

25 

0 

45 

45 

60 

0 

3 

0 


It is apparent that, whereas dibenamine is 
highly effective in blocking pituitary activa- 
tion in both rabbits and rats, 2-dibenzy}- 
aminoethanol, like priscol, is quite ineffective 
in preventing the neurogenic stimulus from 
reaching the hypophysis- 
A second series of experiments was designed 
to demonstrate whether dibenamine exerts 
any of its anti-adrenergic activities within 
the first minute following intravenous injec- 
tion. The e.xperiment is outlined and the 
results summarized in Table II. The rabbits 
receiving the intravenous adrenalin alone 
immediately revealed maximally dilated pu- 
pils, muscular hypotonia and respiratory em- 
barrassment followed in a few minutes by 
death. When adrenalin injections were pre- 
ceded within the minute by dibenamine, the 
subsequent symptoms were those of diben- 
amine only— -pupillary constriction and spon- 
taneous muscle contractions. Priscol delayed 
the lethal effect of adrenalin for many hours 
in 4 animals, and a fifth recovered. However, 
neither priscol nor 2-dibenzylaminoethanoI 
counteracted the pupillary dilation induced 
by adrenalin. The 3 rabbits receiving 2-di- 
benzylaminoethanol and adrenalin expired as 
rapidly as with adrenalin alone. Although 


protection against the lethal action of adren- 
alin is not a highly specific test of adrenohdic 
activity,® the fact that dibenamine-treated 
rabbits showed none of the symptoms of 
adrenalin poisoning mentioned above, indi- 
cates that at least part of dibenamine’s ad- 
renergic-blocking capacity becomes effective 
almost immediately after injection of high 
dosages. The results indicate that dibenamine 
blocks pituitary activation, not by its central 
excitatory effects but rather by its specific 
adrenergic-blocking capacity. 

Summary. Dibenzylaminoethanol, a non- 
adrenolytic dibenamine-hydrolj'sis product 
which retains the central excitatory action of 
dibenamine, fails to block the activation of 
LH release from the rabbit or rat hypophysis. 
Dibenamine in large doses exerts at least part 
of its anti-adrenergic properties almost imme- 
diately after injection. The evidence indi- 
cates that dibenamine blocks pituitary activa- 
tion by its specific adrenergic-blocking ca- 
pacity rather than by its central excitatory 
action. 

~Tlfickerson, M., 

Strom, R. N., Fed. Proc., 1 949, g, S2S. 

Ri^eived 
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J7295. Intraventricular Pressure Curves of the Human Heart Obtained by 
Direct Transthoracic Puncture.* 


W. C. Buchbinder and L. N. Katz. 

From Ihc Cardiovascular Department, I Medical Research InstiUtic, Michael Feese Bospital and 
the Medical Department, Coolc County Hospital, Chicago, HI. 


In 1943, one of us (W.C.B.) studying blood 
pressures by the direct puncture technic had 
occasion to obtain a pressure curv'e from both 
the right and left ventricle by passing a needle 
directly into the cavity of these heart cham- 
bers. The recent development of right heart 
catheterization and the attempt to catheterize 
the left ventricle in man via the carotid artery, 
a procedure not without hazard, suggested to 
us the merits of publishing this experience 
with direct heart puncture. This is particu- 
larly timely because the e.xperience with 
catheterization has shown not only hotv diffi- 
cult but also how important for proper 
diagnosis it is to obtain adequate pressure 
cuives. This difficulty obviousl}'' could be 
avoided by using the direct puncture technic 
as opposed to the long catheter method. Un- 
fortunately, the hazards associated with direct 
puncture rule out this method for ordinary 
use. 

The record shown in Fig. I was obtained 
on a 65 year old male who was moribund 
because of a cerebral thrombosis and terminal 
bronchopneumonia. The procedure had no 
significant effect upon the clinical course. A 
Hamilton needle manometer of adequate fre- 
quency similar to that usually employed for 
intra-arterial pressure recordings was used to 
record the intracardiac pressures. This was 
mounted on a portable electrocardiographic 
machine as previously described.* The right 
ventricular pressure curve (Fig. 1) was ob- 
tained bj' inserting the needle in the fourth 
intercostal space just to the left of the ster- 
num. No electrocardiogram was recorded at 
this time. A respiratory fluctuation in the 
right ventricular pressure curve can be seen, 

t This department is supported, in part, by the 
Michael Reese Rcseareli Foundation. 

* Aided by tlie A. D. Xast Fund. 

1 Buchbinder. W. C.. and SuRarnian, H.. Arch. 
Int. Mrd.. 1040, 00, C2.",. 


the minimum end diastolic presure was 15 
mm Hg and the maximum systolic pressure 
was 40 mm Hg. There was thus evidence of 
right heart congestion -with little increase in 
s}^stolic pressure. The contour of the curv'e is 
very satisfactory and shows none of the dis- 
torting artifacts so commonl}’^ seen with the 
catheter technic. 

The top segment show's lead 2 of the elec- 
trocardiogram together with the left ventricu- 
lar pressure curve. This was obtained by 
inserting the needle in the fifth intercostal 
space just beyond the left nipple line where 
the maximum apex beat ivas felt. In this 
instance there are frequent ventricular pre- 
mature systoles occurring at times as pairs 
and triads. The third beat after the first 
pair of ventricular premature sj'stoles is a 
fusion beat (labelled 3 on the left ventricular 
pressure curve). The beginning and end of 
the record present an acceptable undistorted 
left ventricular pressure curve. The pressure 
in this ventricle varied with respiration, 
showed a minimal end diastolic pressure of 
15 mm Hg and a ma.ximum st'Stolic pressure 
of 100 mm Hg. 

In both the left and right ventricular pres- 
sure cuiA'es, a noticeable auricular pressure 
wave is seen to precede the ventricular curve 
and is responsible to a large extent, especiallj' 
in the left side, for the high diastolic end 
pressure. The slope of the ventricular pres- 
sure curves throughout systole and diastole 
is similar to that obtained by adequate pres- 
sure recordings from the cavities of the dog's 
heart. 

The middle section of the top record of- 
fered the opportunity of studying the effect 
of premature systoles upon the pressure curve 
of the left ventricle. The beats of interest in 
the middle section have been indicated by 
numbers from 1 to 10. They will be referred 
to by these numbers in the subsequent dis- 
cussion. 
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FtG. 1. 

Pressure curves of left (above) and right (below) ventricle obtained in a GS-year-oW 
moribund male. Time in each record is in the simultaneously recorded electrocardiographic 
record (each space between heavy lines equals 0.2 sec.). In the middle section of the upper 
strip, 1 to 10 indicate the successive premature systoles; 3 is a fusion beat. Discussed in text. 

In accordance with Wigger’s rule- the am- the preceding beat does the premature beat 
plitude of the pressure curve of the post- begin. The height of the sy'stolic pressure 
extrasystolic beat is an inverse function of obtained however, is not determined exclu- 
the duration of the immediately preceding sively by the preceding R-R interval. Thus 
diastole. Thus the magnitude of the pressure the second and third beats in a run of pre- 
pulse occurring after the first pair of prema- mature systoles (beats 6 and 9) une.xpectediy 
ture systoles (beats 1 and 2) is greater than may have a higher systolic pressure than other 
the pressure pulse occurring before the pre- immediately preceding premature beats in the 
mature systoles. This increase in size of the same runs (beats 4 and 8), This might be 
pressure pulse is more marked after the next explained by the fact that the first premature 
two pauses (after beats 6 and 7) and after the systoles are less effective in emptying the 
last pause (after beat 10) . Because there is ventricular content so that the systolic residue 
no pause after the last pair of premature added to the next filling makes the subsequent 
systoles (beats Sand 9), the size of the post- beat more effective. Furthermore, the dura- 
extrasystolic beat is not significantly larger tion of the contraction cun'e of the premature 
than the beats that follow. Following the last systole is shorter than the normal beat per- 
pause (after beat 10) there is a temporary mitting more time for filling before the next 
mechanical alternans in that the second beat premature beat. It may be, however, that 
after this pause is smaller than the third, this phenomenon is due to the presence of a 
The beat registered at the time of the fusion supernormal phase expressing itself in an in- 
complex (beat 3) is no different than the creased contractility of the second premature 
others. This evidence tends to confirm for beat. 

man what has been established in the experi- Another interesting phenomenon is revealed 
mental animal that the magnitude of the pressure curves obtained in the first 

pressure pulse varies noth the duration of the 1 and 2) and second (beats 4 and 5) 

preceding diastole. fj,g premature systoles. These pres- 
ide fact that the premature systoles occur l,g saij to resemble a sum- 

at varying time intervals from the preceding ^gtjon curve such as is obtained with skeletal 
beat accounts for the varying size and sum- As a matter of fact tlie pressure 

mation of their pressure curves. The shorter the first two premature beats of the 

the R-R interval preceding the premature (^gats 4 and 5) decreases very 

beat the higher up on the pressure curve of {„ this instance, therefore, the heart 

” a Wiggers, C. J., Ath. J. Physiol, 1925, 72, iss! has for practical purposes changed its actmh 
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from its normal creation of pressure fluctua- 
tion intermittently to maintaining a sustained 
pressure rise. This suggests the possibility 
that a rapid run of ventricular premature sys- 
toles could leave the heart more or less in 
sustained sj'stole. 

Summary. The recording of direct pressure 


cuiA'es, in which technical errors are reduced 
to a minimum, from the ventricular cavities of 
the heart in man emphasizes the great need 
of interpreting with care pressure curves ob- 
tained b}' other means in this newly expanded 
field of human physiology. 

Beccired July IS, 1949. P.S.B.B.M., 1949, Tl. 


17296. Spiral Arterial Structures in the Fetal Placenta. 

Seymour L. Romney. (Introduced by E. M. Landis.) 

From the Department of Obstetrics, Harvard Hedical School, and V. S. Public Health Service.* 


Spiraled arterial vessels are known to exist 
in the uterus^’- and ovar}-.®’^ In the course 
of studying the fetal vascular components of 
the human placenta, the spiral nature of the 
priniarj' branches of the allanto chorionic ves- 
sels has been noted for the first time. These 
appear to penetrate the substance of the pla- 
centa in much the same way as the radiate 
arteries do the myometrium of the uterus. 
The fetal spiral arteries arise from the major 
subchorionic vessels and represent the main 
vascular channels for the primary villus stem. 

One hundred and twenty-five born placentae 
have been injected ■with several different 
masses and the vascular ramifications of the 
placental fetal vessels are being studied with 
a variety of technics. Each injection mass 
has been introduced via a carmulated umbilical 
arteiA- shortly after the expulsion of the pla- 
centa. Fifty of these have been injected either 
with a 2S^c or 12% solution of vinj’l acetate. 

* This investigation was supported, in part, bv 
the Boston Lying-in Hospital Eesearch Fund, Dc- 
I'artnicnt of Obstetrics, Harvard Medical School, 
and in part by a research grant from the Division 
of Besoarch Grants and Fellowships of the X.n- 
tional Institute of Health, H. S. Public Health 
Perviec. 

1 Hunter, Williams, Anatoma uteri hum.ani 
jrravidi tabulis illustrata, 177-1. 

= Darou. G. H., Am. J. Anat.. 193G, 58. 349. 

•tBeynoIds, S. B. M., Am. J. Obst. and Giinecol., 
1947, .J.*?. 221. 

■< Dclson, B., Lubin, S., and Boynolds, S. E. M., 
Fndocrinnjn^tl, 194S, 42. 124. 


The more concentrated solution was injected 
at 200-250 mm Hg while the more dilute 
monomer was injected at 120 mm Hg. The 
placentae were corroded in commercial con- 
centrated hydrochloric acid for 24-48 hours 
and in turn washed with jets of tap water. 
The plastic cast of the fetal vessels which was 
subsequently recovered represented an ac- 
curate 3 dimensional model of the vasculature. 
Serial reconstruction by comparison is a time 
consuming, laborious task which does not yield 
as good a result. 

The spiral features can be demonstrated 
more easily in preparations made with the 
more dilute vinyl acetate injected at phj-sio- 
logical pressures. It is our impression that 
the greater pressure head which is required to 
completel}’ inject the more concentrated solu- 
tion straightens out some of the arterial coils. 
The remainder of the placental preparations, 
comprising 3 groups of 25 each, were injected 
at physiological pressures with radio opaque 
gelatin mass, liquid late.x, and India ink, 
respectively. Each of these masses has ad- 
vantages as well as distinct limitations. In 
the overall stud}', the desirable features of 
each has been utilized to reconstruct the de- 
tails of the vascular pattern. The gelatin and 
India ink injected placentae have been cleared 
with a modified Spalteholtz technic and then 
selected areas have been serially sectioned for 
histologic detail. Liquid latex can be made 
to set within the vessel wall without distortion 
of the lumen, diameter, or calibre of the 
vessel. Such preparations permit a geometric 
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Fia. la (top). 

Spiraled fetal placental vessels. A corroded 
plastic preparation revealing arterial coil and 
partly, paid out arterial coil of primary branch 
of cliorio allantoic vessels. X 3. 

PlO. lb (bottom). 

Magnified view of coiling and uncoiling of 
spiraled fetal vessel shown in area S (Pig. la). 

X 25. 

analysis and provide some insight into the 
hemodynamics of the placental circulation. 

All of the preparations reveal aspects of 
spiraling. Fig. 1 is a corroded plastic cast in 
which an attempt has been made to isolate 
by dissection a single allanto-chorionic vessel 


with its primary spiraled branch and terminal 
cotyledonary tuft. The spiraled primary- 
villus .vessel arises at a right angle to the 
chorionic plate from the large subchorionic 
vessels. It forms a heli.x of slowly' diminish- 
ing diameter as it passes towards the decidual 
plate. The number of coils varies consider- 
ably averaging between 2 and 5. Some of 
these appear to be uncoiling and others almost 
completely paid out. There is a father 
marked decrease in the relative diameters be- 
tween the terminal spiraled segments and the 
delicate vascular components of the cotyle- 
donary tuft. 


Discussion. Physiologic considerations fail 
to support present concepts of morphologic 
adaptation of the utero-placental vasculature. 
Placental transfer is poorly understood, and 
what information is available fails to support 
a simple diffusion exchange.-' reinvestiga- 
tion of the essential morphologic features of 
the fetal vasculature in the placenta has been 
initiated in order to reevaluate our present 
concepts. Spiraled arterial and arteriolar ves- 
sels in the uterus and ovary are considered to 
reflect a trophic response to the presence of 
steroid hormones.*’’^ The mechanism by which 
this particular morphologic feature of fetal 
placental arterial spiraling arises is not known. 
The human placenta is well known as a site 
of abundant formation of steroid hormones 
throughout the course of pregnancy.® The 
occurrence of similar spiraled vascular struc- 
tures, in placental stroma, by analogy, may 
be attributable to a similar response. 

The finding of a helical arrangement on the 
fetal aspect of the utero placental circulation 
draws attention to the spiral tuft arrange- 
ment of the maternal vessels which tap into 
the intervillous space. These were first de- 
scribed by Spanner,® who contended that this 


Lireroft. J., Jtesenrehos on Prenat, il Life, 
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. 1948, C8, 96. 

.Ickels, H., and Engle, K ,, 

)biot. Scan^ivav., 193S, 13, 150. 
rislocki, G. B., and Bennett, H. S., Am. A. 
1943, rS, .335. 
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arrangement provided for a gradient of pres- 
sure which allowed for a continuous uninter- 
rupted flow into the intervillous space. The 
fetal spiral arrangement suggests a similar 
functional adaptation which can provide for 
maximal fetal vascular exchange. 

Based upon studies of hjrdrostatic condi- 
tions and maternal blood flow in rabbit uteri 
during pregnancy, Reynolds has elaborated 
,a concept of uterine accommodation. In the 
last third of pregnancy the period of uterine 
■growth is supplanted by a period of uterine 
stretching which follows upon an abrupt con- 
aversion of the conceptus from spherical to 
;'c)'lindrical form.^®"^® Ramsey has indicated 
: that a transition is to be observed in the mater- 
nal vessels of the endometrium of the pregnant 
rhesus monkey bejmnd the 52nd gestational 
^day. The coils of the arteries are paid out, 

. corresponding to the period of uterine stretch- 

n>Eeynolds. S. R. M., Jiml. l!cc., 194G, 0.5, 2S3. 

: ” Reynolds, S. E. M., Am. J. FhysioJ., 1947, 

■; 148. 77. 

' '-Reynolds. S. E. it., j(m. J. Obstei. and 
; Gmiccol,. 1947, 53, 901. 

j '■'Reynolds, S. E. it., Carnegie Inst. YVasIi. 
jl’ub. 3S3, “CoiilribiiUoiis to Embryotogy,'” 194S, 

1 . 


ing.“ The finding of partially uncoiled paid 
out spirals of placental fetal vessels in mature 
term placentae is consistent with these obser- 
vations. The placental vessels must be sub- 
jected to the same hydrostatic conditions and 
mechanical stretching. 

Summary. The spiral nature of the primary 
villus stem vessels has been described for the 
first time. The underlying mechanism sug- 
gests a trophic response to steroid hormones, 
comparable to the effect produced on vessels 
of the uterus and ovary. This spiral pattern 
provides a gradient of pressure which may 
slow fetal circulation through the placenta and 
allow for a more thorough e.xchange. 

tVe are greatly indebted to Dr. S. E. 51. Rey- 
nolds and 5Ir. Chester Reatlier of the Carnegie 
Institution of Washington, Baltimore, Md., for 
jnucli valuable assistance. Dr. Reynolds has con- 
firmed some of our observations and offered many 
helpful suggestions. Mr. Reather has provided us 
with excellent photographic material. 

l-t Ramsey, E. M., Carnegie Inst. Wash. Pub. 
583, “Contributions to Embryology," 1948, 33, 
113. 
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j 17297. Effects of Intravenous Injection in Dogs of Staphylokinase and Dog 
j Serum Fibrinolysin.*^ 

i Jessica H. Lewis and John H. Ferguson. 

! From the Department of Physiology, University of Xorth Carolina. Chapel Hill, X. C. 


Ftilizing methods described in previous 
i leports.' we have studied the in vivo effects 
I hf staphylokinase and dog serum lysin 
i (fibrinolysin, plasmin, trvTitase) in dogs. Xor- 
nial dog serum contains the inactive precursor, 

' prolysin, of an active fibrinolytic enzyme, /y- 

j * Tills invc.stigation was supported, in part, by 
a research grant from the Dinsion of Research 
Grants and Fellowships of the National Institutes 
of Ilealtli, f. S. Public Iloalth Service. 

1 Lewis, J. 11. , and Ferguson, J. H., Abstr. in 
Fed. Pror.. 1949. 8, 9(1. 

i This termiuoiogy is used for brevitv. 

i 


sin, and substance (s), antilysin, capable of in- 
hibiting this active lysin ^ Staphylokinase,-'® 
a material obtained from staphylococcal cul- 
ture filtrates, is capable, in vitro, of activating 
dog prolysin to lysin. It seemed of some inter- 
est to determine the effects of this material in- 
jected intravenously, as well as those of a 
potent fibrinolytic enzyme solution, prepared 
from dog serum by fractionation at 23% 

a Gcrhcim, E. B., Ferguson. ,T. H., Travis, B. L., 
•Tohiiston. C. L., and Boyles, P. W., Pp.oc. Soc. 
Exp. Bioi.. .\xi) Mr.n., 1948, <58, 246. 

a Lack, C. II., Xature, 1948, 101, .559. 
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StAI>H\ LOKINASE AND FiBSINOLVSIN INTRAVENOUSLY 
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saturation with alcohol, treatment with chlor- 
oform, and aging for 6 weeks at O'C. Due to 
the large amounts of these materials calcu- 
lated as aecessar/ to reproduce in vim the 
established in vitro effects, we have studied 
only 2 dogs. 

Injection of staphylokinase. 85 cc of a 
filtered 1% solution of partially purified 
staphylokinase was injected over a period of 
16 minutes into a small fasting mongrel dog 
previously anesthetized with nembutal. 

Fig. 1 summarizes the results observed in 
this dog. Arterial pressure fell precipitously 
following the injection of only a few cc. The 
injection was slowly continued and arterial 


10 minutes after the injection showed marke 
l 3 'sin activity, no demonstrable protysin (a 
indicated by the fact that the in vitro staph 
rdokinase activation prolonged rather thai 
shortened the lysis time), and markedly dim 
inished antilysin. Immediately before dead 
(90 min.) the serum still showed rathei 
marked lysia content, no prolysin, and no ap- 
preciable antilysin. Proh'sin times longer than 
lysin times were due to spontaneous loss ot 
lysin which occurred during the 20 minute 
incubation at required for complete ac- 
tivation of prolj'sin by staphylokinase. In 
whole blood and serum samples obtained 10 
minutes post injection and subsequently, a 
marked lipemia was noted, hlicroscopically, 
the globules were seen to stain readilv 'nith 
Sudan IV. 

injection of dog serum lysin. In vitro 
studies on the dog serum lysin showed it to 
be an extremely potent material containing 
appro^cimately 4000 lysin units per cc. In 
order to allow sufficient lysin to combine with 
the calculated amount of circulating antilysin 
and leave a lysin excess detectable in the - 
serum, we administered 1,000,000 units (250 j 
cc of lysin solution) over a period of 11 . 
minutes. Additional in vitro studies showct 
that this preparation of dog serum lysin con 
tained a small amount of thrombin. 


pressure rose slightly, remaining between 30 
and 60 mm Hg until the terminal fall. No 
whole blood lysis w^as observed in a pre-injec- 
tion sample. After 10 cc of staphylokinase had 
been administered the whole blood lysis time 
was 60 minutes. As the injection continued, 
lysis times became shorter until at 10 minutes 
after the end of the injection lysis could not 
be measured as this blood did not clot. No 
significant changes ivere observed in whole 
blood coagulation times until this and subse- 
quent specimens which did not clot even on 
addition of potent thrombin suggesting com- 
plete absence of fibrinogen probably caused by 
in vivo fibrinogenolysis. 

Three serum samples were studied and re- 
sults reported in Table I. The control speci- 
men showed no active lysin, normal content 
of prolysin, as tested by in vitro activation 
with added staphylokinase, and normal anfi- 
lysin titer. Serum obtained from blood taken 


In an effort to minimize possible over- 
loading of the heart due to the large volume 
of fluicl infroduced, w'e removed blood samples 
totalling 100 cc during the injection period. 

Fig. 2 summarizes the observed findings in 
this 4.2 kg animal. Arterial pressure fell only 
gradually during and after the injection. 


TABLE I. 

Serum Lysin, Prolysin and Antilysin after Injec- 
tion ofStaphylokinasC; _ 


Lysini Prolysin^ 

50 3% min. 

S min. tSti ” 


Antilyein'' 
2460 units 


1 Lysis time of standard dot cont.-iinin^j 0.5 cc i 

S Lysis time of standard clot o.S cc | 

ernm .after activation icith staphjIoLm.ase. j 

3 Calculated from lysis time of ^*-^c'nr'd clot ii 
ontaining 0.5 cc serum prc«oiis!y incubateo wjth ; 
.5 cc standard lysin. 
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Fig. 2. 


:'Pulse rate was noted to rise markedly during 
"the injection. Whole blood coagulation and 
'lysis times before, during, and following the 
injection are shown in Table II. The clotting 
■times obser\'ed in the infusion period were 
.significantly' shortened at first, but after 200 

TABLE II. 

; tVliole Blood- Coagulation Times and Lysis Times 
after Injection of Dog Serum Lysin. 


Clotting times Lysis times 
(min.) (min.) 


Control 

T 

CO 

Inj. after 50 co 

V 

89 

» >> xoo ” 

V 

8% 

" ” 150 ” 

4 '. 

6 

” , ” 200 " 

Iso elot 



” ” 250 ” 

JJ 73 

— 

Min. .after inj. 

0* 

No elot 

— 

1 

ISO 


1 


‘ Never solid. 


T.\BLE HI. 

‘-enim Lysin, Prolysin and Antilysin after Admin- 
istration of Dog Serum Lysin. 



Lysini 

Prolysinl 

Antilvsini 

Control 

CO 

SVi min. 

2300 units 

-\fter 150 cc 
” 200 ” 

” 250 ” 

18 min. 
171 = ” 

16 ” 

3 V. ” 

3 Vi ” 

3Vi ” 

300 ” 

290 ” 

230 ” 

Min. after inj. 
5 

15 

30 

CO 

120 

180 

rnstmortem 

24 min. 
42 ’ ’ 

90 ” 

3-12 hr 
3-12 ” 
3-12 ” 
3-12 ” 

min. 

S’A »» 

»» 

3^^. »» 

3^ »» 

180 units 
320 ” 

180 ” 
206 ” 
252 " 

320 ” 

246 »' 


1 See footnotes Table I. 


cc of lysin had been introduced no clot was 
formed even on addition of thrombin, indi- 
cating complete fibrinogenolysis. Clot lysis 
times became progressively shorter until in- 
coagulable blood was obtained. 

Table III presents the serum findings in 
this dog. Control serum showed no active 
lysin, normal proly'sin and normal antilysin. 
During and following the injection, moderate 
amounts of lysin appeared and gradually' 
diminished to a trace by one hour. Proly'sin 
was apparently not affected as no significant 
changes were observed on in vitro activation 
with staphy'lokinase. Antily'sin fell dramati- 
cally but, in spite of the presence of demon- 
strable active ly'sin, the antily'sin titer never 
reached zero. The experiment was terminated 
after hours. Gross postmortem e.xamina- 
tion was performed. Blood was fluid in the 
heart and all large vessels examined. The 
heart was contracted, and, on opening, showed 
widespread hemorrhagic areas over the endo- 
cardium, particularly' of the left ventricle. 
The lungs were congested and showed hemor- 
rhagic areas in both lower lobes. Small 
ecchy'moses were scattered over the serosal 
surface of the stomach. Liver and spleen 
appeared grossly normal. No lipemia Avas 
noted in this dog. 

Discussion. As might be expected from 
known in vitro reactions, both staphy’lokinase 
and serum h'sin, when injected, resulted in 
the appearance of active' ly'sin in the with- 
drawn serum. Evidence of in vivo proteoly'tic 
activity was seen in the appearance of in- 
coagulable blood in which no fibrinogen could 
be detected. The mechanisms by' which these 
results were obtained are obviously' different. 
Staphy'lokinase activated the animal's own 
proly'sin to lysin as indicated by' the fact that 
the proly'sin titer decreased as active lysin 
appeared in the serum. The antilysin titer 
also fell, indicating" that enough active lysin 
was formed to destroy or combine with the 
circulating antilysin and still leave an e.xcess 
of enzyme detectable in the serum. The in- 
jection of dog serum lysin, on the other hand, 
apparently did not affect the circulating pro- 
lysin. but the quantity administered was suf- 
ficient to neutralize available antilysin leaving 
e.xcess lysin. 



6S0 


Virucidal Effect of Glycol Vapor 


No antilysin titers of zero ivere obtained. 
This is probably due to interpretation of the 
results produced by this method. We are un- 
able to obtain a serum control free from anti- 
lysin and, therefore, use simply a borate buf- 
fer control. We know that lysin is a proteol3dic 
enzyme not specific for fibrin or fibrinogen 
as it also attacks casein, gelatin, etc. Other 
proteins in serum may exert minor non- 
specific inhibitory effects by competing with 
the test substrate, fibrin. 

Staphjdokinase exerted a marked vasode- 
pressor effect which may be associated with 
some other toxic material in the culture fil- 
trate. Serum Ij'sin showed lesser vasodepres- 
sor effects. Guest ct al.^ found marked vaso- 
depressor effects following injection of their 
fibrinotysim which was prepared, bj' a dif- 
ferent method, from bovine serum. These 
authors found no changes in blood coagula- 
tion and did not report any lytic effects. It 
should be pointed out, however, that our e.x- 
periment employed a much larger quantity 
of enzyme. 

Some comment should be made on the 
marked shortening of coagulation time, from 
7 minutes to one minute, immediately follow- 
ing administration of the first 50 cc of dog 

■* Guest, M. II., Jluiphy, E. C., Bodnar, S. E., 
Ware, A. 6., and Seegers, W. H., Am. J. Physiol., 
1917, loO, 471. 

5 Loomis, E. C., George, J. C., and Kydor A., 
Arch. Siochem., 1947, 12, 1. 


serum lysin. Numerous e.xperiments, in which 
repeated arterial sampling from a siliconed 
cannula has been emploj'ed to stud\' blood 
coagulation times in similarly anesthetized 
dogs, have frequentl}’- shown wide variations 
between 10 and Syi minutes, with a tendency 
to become shorter in spite of repeated saline 
irrigations of the cannula and discarding ot 
the first few cc of blood at each sampling. 
For this reason we did not feel that the sligh' 
shortenings of clotting-time observed afte 
injection of staphylokinase were significant 
On the other hand, the marked drop in clot 
ting-time following injection of serum lysii 
cannot be dismissed as an experimental error 
This is possibly due to the effects of small 
amounts of thrombin, which were present as 
a contaminant of this preparation of dog 
serum lysin. 

Conclusions. 1. Staph3'lokinase, injected 
intravenously into a dog, caused appearance 
of active serum l3'sin, accompanied hy a fall 
in prolysin and antilysin. The blood became 
incoagulable presumabh'' due to l3^sis of the 
circulating fibrinogen. A precipitous fall in 
blood pressure was also observed. 

2. Dog serum 13'sin, injected intravenoiisl.f 
into a dog, also resulted in the appearance 
of active serum 13'sin, fall in antil3'sin, but 
no appreciable change in prolysin. Incoagula- 
ble blood, devoid of fibrinogen, 'was again 
obtained. 

Received July 13, 1949. P.S.E.B.JL, 1949, 74. 


17298. Lethal Effect of Triethylene Glycol Vapor on Ai’r-Borne Mumps 
Virus and Newcastle Disease Virus."* 

Saul Krugman* and Bertha Swerdlow. (Introduced by L. E. Holt, Jr.) 

Fro?>t the Department of Pediatries, Xcic Tori' Vniversity-Selicvue 3Iedicai Center, jS cw Tori. 


Previous laboratory investigations fay Rob- 
ertson and his co-workers,^’" and by Henle 

* Aided by grants from the IT. S. Public Health 
.Service, Carbide and C.arbon Cliemicala Corpor.a- 
tion, and the Research Corporation. 

t National Institutes of Health Postdoctonate 
Research Fellow. 

1 Robertson, 0. H., Loosli, C. O., Puck, T. T., 
Bigg. E., and Miller, B. P., Science, 1941, 04, 612. 


and Zellat“ demonstrated that both propylene 
and triethylene glycol vapor were lethal for 
air-bome Influenza A virus. Subsequenth', 
Rosebury and his associates^ showed ^at tri- 
ethylene glycol vapor was effective against air- 
borne meningopneumonitis and psittacosis 


aBobertson, O. H., Pnek, T. T.. Demon. II. F. 
LoosU, C. G., Science. 1943. »7, 142. 
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virus. These observations indicated that the 
gl}'col vapors ivere virucidal as well as bac- 
tericidal.-'^ The experiments to be described 
demonstrate that triethylene glycol vapor is 
lethal for two more viral agents, mumps virus 
and Newcastle disease virus. 

Materials and methods. Viruses. A strain of 
mumps virus* was cultivated in the allantoic 
sac of 9 day old chick embryos which, after 
inoculation, were incubated at 35 °C for 6 
days. The infected embryos were then chilled 
over night at 4°C and the allantoic fluid 
removed. 

The strain of Newcastle disease virusJ was 
cultivated in the allantoic sac of 11 day old 
embryos, which after inoculation, were incu- 
bated at 37°C for 52 hours. Infected allantoic 
fluid was harvested after chilling overnight at 
4°C. 

Virus Injectivity Titrations. These were 
performed on the infected allantoic fluids 
which were to be sprayed into the chamber. 
Serial tenfold dilutions from 10"^ to 10-^° 
were made in sterile broth. .A. volume of O.I 
cc of the dilution of virus was inoculated 
through a small drill hole in the egg shell 
directly over the allantoic sac. Four embryos 
were used for each virus dilution. Each al- 
lantoic fluid was tested for its capacity to 
agglutinate chicken erythrocytes using the 
method of Salk.® Virus titration end points 
(E.I. 50) ^ were calculated by the 50% end 
point method of Reed and INIuench.’^ 

The Glycol Chambcr.'i, constructed of wood 
and glass, (Fig. 1), had a capacity of 5.5 
cubic feet. The air was gently circulated by 

" Hcnlo, W., .nnd Zcll.nt, J., Prog. Soc. Exr. 
Biol, ^fED., 1941, 48, 544. 

■' Boscbun-, T., Mciklejolin, G., Kingsl.niiil, L. C., 
and Botdt, M. II., J. Exp. itcd., 1947, 85, 65. 

•' Robertson, O. H., Bigg, E., Puck, T. T., and 
Miller, B. F., J. Exp. lied., 1942 , 75, 593. 

} We arc indebted to llr. Frank L. Horsfall, ,Tr., 
of tlie Rockefeller Institute for Medical Rcscarcli, 
for the allantoic strain of mumps viru.s, and to 
Br. .\lfred S. Evans of Yale University, for tlic 
^<"en■castle disease virus. 

a Salk, J. E., J. Imtjiunot., 1944, 40, 87. 
t oOUr embryo infcctivity end point. 

VReed. E. .T.. and Mncneli, II.. .Im. J. Hi/o., 
19.1S, ST, 49.3. 
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a small fan in the left rear compartment. In 
front of the fan was a Screw Base Resistance 
Element (10 watts) which served as a source 
of heat to vaporize glycol impregnated paper. 
On the left wall of the chamber there were 
a series of circular coils through which ice 
water was circulated by means of an electrical 
water pump. This cooling apparatus was con- 
trolled by a thermostat set at the desired tem- 
perature. 

Viral suspensions were atomized into the 
chamber through a port on the right side. Air 
bubbler samples were taken through a port 
on the left side. .\ measured volume of air. 
as indicated by a flowmeter,® was withdrawn 
into a suitable medium for trapping the infec- 
tive agent. .A Welch air pump was used to 

'.'We are indebted to Hr. CimrIcs C. Clmpplc of 
Pliiladelpbin nnd to Mr. .1. W. .Spic 7 .clm.nn of .Air 
Pnrific.ntion .'Service. Inc., for designing tlic Glycol 
Cliamber. 

Lemon, II. M.. nnd Wise, II., Srinicr, 1944, 
nn. 43. 



680 


Virucidal Effect of Glycol Vapor 


No antilysin titers of zero were obtained. 
This is probably due to interpretation of the 
results produced by this method. We are un- 
able to obtain a serum control free from anti- 
lysin and, therefore, use simply a borate buf- 
fer control. We know that lysin is a proteolytic 
enzyme not specific for fibrin or fibrinogen 
as it also attacks casein, gelatin, etc. Other 
proteins in serum may exert minor non- 
specific inhibitory effects by competing with 
the test substrate, fibrin. 

Staphylokinase exerted a marked vasode- 
pressor effect which ma}'' be associated with 
some other toxic material in the culture fil- 
trate. Serum lysin showed lesser vasodepres- 
sor effects. Guest el o/."* found marked vaso- 
depressor effects following injection of their 
fibrinolysin^ which was prepared, by a dif- 
ferent method, from bovine serum. These 
authors found no changes in blood coagula- 
tion and did not report any lytic effects. It 
should be pointed out, however, that our ex- 
periment employed a much larger quantity 
of enzyme. 

Some comment should be made on the 
marked shortening of coagulation time, from 
7 minutes to one minute, immediately follow- 
ing administration of the first SO cc of dog 

r Guest, Jt. 31., 3ruri)Iiy, H. 0., Bodnar, S. R., 
3V.are; A. G., and Seegers, 3V. H., Am. J. Physioh, 
1947, loO, 471. 

5 Loomis, E. C., George, J. C., and Ryder A., 
Arch. Biochcm., 1947, 12, 1. 


serum lysin. Numerous experiments, in which 
repeated arterial sampling from a siliconed 
cannula has been employed to study blood 
coagulation times in similarly anesthetized 
dogs, have frequently showm wide variations 
between 10 and minutes, wdth a tendency 
to become shorter in spite of repeated saline 
irrigations of the cannula and discarding of 
the first few cc of blood at each sampling. 
For this reason we did not feel that the slight 
shortenings of clotting-time observed after 
injection of staphylokinase were significant. 
On the other hand, the marked drop in clot- 
ting-time following injection of serum h'sin 
cannot be dismissed as an e.xperimental error. 
This is possibly due to the effects of small 
amounts of thrombin, which were present as 
a contaminant of this preparation of dog 
serum lysin. 

Conclusions. 1. Staphylokinase, injected 
intravenously into a dog, caused appearance 
of active serum lysin, accompanied fay a fail 
in prolysin and antilysin. The blood became 
incoagulable presumably due to lysis of the 
circulating fibrinogen. A precipitous fall in 
blood pressure was also observed. 

2. Dog serum lysin, injected fntravenoush' 
into a dog, also resulted in the appearance 
of active serum lysin, fall in antilysin, but 
no appreciable change in prolysin. Incoagula- 
ble blood, devoid of fibrinogen, 'was again 
obtained. 

Received July 13, 1949. P.S.E.B.SI., 1949, 71. 


17298. Lethal Effect of Triethylene Glycol Vapor on Air-Borne Mumps 
Virus and Newcastle Disease Virus.* 


Saul Krugman* and Bertha Swerdloiv. (Introduced by L. E. Holt, Jr.) 

From the Department of Pediatrics, Xew Port: Vniversity-Bcilcvue Medical Center, Ack' Tori, 


Previous laboratory investigations by Rob- 
ertson and his co-workers,^'- and by Henle 

* Aided by grants from tlie E. S. Publie Health 
Service, Carbide and Carbon Chemicals Cori)ora- 
tiou, and the Bcscareli Corporation. 

t National Institutes of Health Postdoctoratc 
Research Fellow. 

1 Robertson, 0. H., Loo.sli, C. G., Puck, T. T., 
Bigg. E., and Miller, B. F., Science, 1941, 94, 012. 


and Zellat® demonstrated that both propylene 
and triethvlene glycol vapor were lethal for 
air-borne Influenza A virus. Subsequently, 
Rosebury and his associates* showed ^at tri- 
ethylene glycol vapor was effective against air- 
borne meningopneumonitis and psittacosis 


e Robertson. 0. H., Puck. T. T.. Leman, 71. F. 
Loosli, C. Cr., Science. 1943, 97, 342. 
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TABLE I. 

Effect of Trictliyloi ie Glycol Vapor on Air-Borne Slumps Virus. 

Control test GlycoJ test 

Hemagglutination titer* Hemagglutination titer* 

Time interval ^ ^ ^ 

min. after spray Individual allantoic fluids Mean Individual allantoic fluids Mean 


0-2 

5120 

5120 

5120 

160 

2560 

0 

0 

0 

0 

0 

3-5 

IGO 

IGO 

IGO 

040 

240 

0 

0 

0 

0 

0 

6-8 

IGO 

0 

G40 

SO 

SO 

0 

n 

0 

0 

0 

10-12 

0 

320 

0 

12S0 

CO 

0 

0 

0 

0 

0 

13-15 

0 

1280 

0 

SO 

40 

0 

0 

0 

0 

0 


* Erpressed as reciprocal. 


TABLE II. 

Effect of Trietliylene Glycol Vapor on Air-Borne Xewcastle Disease Virus. 

Control test Glycol test 

Hemagglutination titer* Hemagglutination titer* 

Time interval , , 

min. after spray Individual allantoic fluids Mean Individual allantoic fluids Mean 


n-3«, 

5120 

5120 

1280 

5120 

3840 

0 

0 

0 

0 

0 

l-lii 

5120 

5120 

5120 

— - 

5120 

0 

n 

0 

n 

0 

2-2ti 

5120 

5120 

1280 

5120 

3840 

0 

0 

0 

0 

0 

0-0^ 

5120 

5120 

5120 

5120 

5120 

0 

0 

(* 

0 

0 

10 -loii 

640 

■ 0 

5120 

— 

265 











lo-15vi 

0 

0 

0 

— 

0 

— 

— 

— 

— 

— 


* Expressed as reciprocal. 
— -Hot done. 


cytes. This hemagglutination test was com- 
pletely negative and was interpreted as indi- 
cating absence of virus rather than low titer 
virus. 

In the first e.xperiment with mumps virus, 
the agent was detected in all samples during 
the 15 minutes control period. In the pres- 
ence of a saturated atmosphere of triethylene 
glycol vapor, no virus could be reco^'ered. 
The chamber was then cleaned and aired for 
a 2 week period. When the same e.vperiment 
was repeated, mumps virus could only be re- 
covered from the first (0-2 min.) sample in 
the control test. It seemed possible that the 
minute amount of residual glj’col, which had 
Condensed on the wall of the chamber, was 
sufficient to interfere with the control test. 
There was no visible vapor and one can onlv 
guess that the percentage saturation of tri- 
ethylene glycol vapor in the chamber air was 
very low. .After heating the interior of the 
chamber with a 200 watt bulb to vaporize all 
of the residual glycol, the original e.vperiment 
was e^ily repeated and confirmed. These ob- 
servations suggest that triethylene glycol vapor 
IS letlial for mumps virus in concentrations 
below saturation. 


Egect of Trkthylcne Glycol Vapor on Air- 
Borne Ne-ujcaslle Disease Virus. The virus 
infectivity titration of the allantoic fluid was 
lO"® E.I. 50. This material was used for a 
control test and a glycol test. The procedure 
was the same as that used in the mumps e.v- 
periments with the following modifications: 
1) lYz cc of Newcastle disease v'irus was 
atomized into the chamber. 2) Yz minute air 
bubbler samples were taken. 3 ) Each bubbler 
contained S cc of 1% Casamino acids. 4) 
The temperature was 74'F {23°C) and the 
relative humidity was 50% during both the 
control and glycol tests. 

Results. As indicated in Table II, New- 
castle disease virus could be obtained from the 
air of the control chamber for 10 minutes 
after cessation of spra}'. No virus could be 
recovered when the chamber was saturated 
with triethylene glycol vapor. 

Discussion. In this study, the hemagglu- 
tination test has been used as a measure of 
virus concentration. Beveridge and Lind'= 
found that there was a direct relation between 

IS Beveridge, AV. I. E.. and Lind. P. E.. Aiis- 
irnlian J. J^xp. ItinJ. nnrl Merf. ,Sc., I94G. 24. 127 
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provide positive pressure for atomization of 
the suspension and- negative pressure for -with- 
drawal of air through a bubbler sampler « 

The front partition of the chamber -was 
removable and had two circular perforations 
S inches in diameter. The one on the right 
was sealed with a cylindrical double air lock 
which could permit the entry of animals of 
the size of guinea pigs. The one on the left 
was sealed by a large rubber gloved sleeve 
ivhich extended into the chamber, and which 
could be used for exposing settling plates at 
periodic intervals. 

Triethylene glycol was vaporized into this 
chamber by placing a strip of impregnated 
paper on the heating element. This paperU 
contained 0.03 g of triethylene glycol per 
square inch. The glycol vaporized rapidly 
and saturated the air of the chamber. 

A hygrometer consisting of a dry bulb and 
wet bulb was located on the back wall of the 
chamber. The air stream produced by the 
fan passed over the wet bulb and thus a fairly 
accurate determination of relative humidity 
was obtained. 

Experimental, Preliminary e.xperiments 
were conducted to determine if mumps virus 
could be rendered air-borne, and if so, for 
how long it could be recovered from the air. 
Infected allantoic fluid ivas sprayed into the 
chamber. Immediately after cessation of 
spray, serial air bubbler samples were taken 
for a 15 minute period. An aliquot of each 
sample was inoculated into the allantoic cavity 
of 9 day old chick embryos. After 6 days of 
incubation at SS^C, the fluid was harvested 
following a preliminary period chilling at 4°C. 
Each fluid was then tested for its capacity 
to agglutinate chicken erythrocytes. The re- 
sults of this procedure indicated that mumps 
virus could be recovered from the air of the 
chamber for at least 12 minutes after cessa- 
tion of spray. This was considered to be an 
adequate control, and the following experi- 
ments -with triethylene glycol vapor were then 
performed. 

9 Lemon, H, M.. Pkoc. Soc. Exp. Biol, .vxd 
Med., 1913, 54, 298. 

Prepared by Air Purification Service, Inc., 
JCew.ark, N". 


Effect of Triethylene Glycol Vapor on Air- 
Borne Mumps Virus. Control Test. 2 cc of 
allantoic fluid ivith an E.I. SO titer of 10-s was 
delivered by a Graeser atomizer**^® attached 
to the inlet port of the chamber. Immediately 
after cessation of the spray, 2 minute serial air 
bubbler samples were -withdrawn for a IS 
minute period. Each bubbler contained 10 cc 
of 10% horse serum in neopeptone broth. .After 
sampling, each bubbler was treated with peni- 
cillin (SOO U/cc) and streptomycin (3 
mg/cc). An aliquot (0.1 cc) of each sample 
was inoculated intra-allantoically into 4 chick 
embryos. After 6 days of incubation at 3S°C, 
the allantoic fluids were harvested. Hemag- 
glutination titrations were then performed on 
the individual allantoic fluids. 

Glycol Test. After completion of the con- 
trol test the chamber was saturated with tri- 
ethylene glycol vapor. The identical pro- 
cedure was then repeated. 

Environmental Conditions. The tempera- 
ture was 83 °F (28*C) and the relative hu- 
midity was 36% in both the control and glycol 
tests. 

Results. Mumps virus was obtained from 
the air of the control chamber for at least 13 
minutes after cessation of spray. When the 
air of the chamber was saturated with triethyl- 
ene glycol vapor, no mumps virus could be 
recovered (Table I). In 2 of 4 experiments 
no virus could be detected even immediately 
after cessation of spray. In the other 2 con- 
firmatory experiments, virus was recovered 
only in the first sample taken immediately 
after completion of spray, but at no time 
thereafter. 

In order to determine whether negative 
hemagglutination represented absence oi vir- 
us or low titer virus, the following procedure 
was carried out. The negative allantoic fluids 
of each sample were pooled and each pool 
ivas inoculated intra-allantoically into 4 duck 
embryos. .After incubation and harvesting, 
the individual allantoic fluids were tested for 
their capacity to agglu tinate chicken erythro- 

** Pelivers n particle size of 1-" o'oan m.ass 


diameter. 

10 Graeser, .T. B., and Rowe, 
193C, 52, 92. 


A. B., -t”’* 
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TABLE I. 

Serum Sodium/Chloride Batios Estimated in Milliequirnleiits. 




A 

B 

C 

D 

Group I 

Boceived serum only 

ilean 

S. Dev. 

1.50 .03 

.10 

1.49 ifc .02 
.00 

1.41 ± .03 
.OS 

1.47 ± -01 
.04 

Group II 

Received scrum and XH^Cl 

5Iean 

S. Dev. 

1.51 .03 

.OS 

1.39 -i- .03 
.09 

1.32 ± .01 
.05 

1.31 i: .04 
.14 


A. Before any treatment ivas given. 

B. Immediately before tlie second serum injection. 

C. Two days after the second serum injection. 

D. Immediately before termination of the experiment. 


living in the animal quarters at the same time 
were treated in exactly similar manner except 
that they were given a 0.9% ammonium 
chloride solution instead of water to drink. 
The salt solution was supplied in quantities of 
300 cc daily; the residue, if any, from each 
24 hour period was measured. This salt solu- 
tion was well tolerated, although the majority 
of animals gave evidence of thirst and drank 
most of their daily quota within a few hours 
of being fed. Ammonium chloride was given 
for one week before the first injection of horse 
serum and continued until the end of the 
e.xperiment. 

Serum sodium and chloride levels in 10 
animals from each group were determined on 
4 occasions: A — before anj' treatment was 
given; B — immediately before the second 
serum injection; C — two days after the sec- 
ond serum injection; D — immediately before 
termination of the e.xperiment. Sodium deter- 
minations were done according to the method 
of Barber and Koltoft^ as modified by Butler 
and Tuthill,^ and the chloride determinations 
were done by the method of "Wilson and Ball.® 

Results. The means, standard deviation, 
and standard error of the means of the serum 
Na/Cl ratio expressed as milliequivalents, are 
shown in Table I. The serum sodium was 
not appreciably affected either by serum 
treatment or the addition of ammonium 
chloride to the diet or both. There was no 
elevation of the Na/Cl ratios of the Group I 
animals receiving serum alone as occurs in 

^ Barber. II. II.. and KoltbolT, I. M.. J. A. 
Chem. Soe., 1P2S, 50, 102.S. 

r- Butler. A. M., and Tuthill, E.. J. Siol. Chem., 
1931. OS, 171. 

0 WU-on. P. W.. and Ball, E. G., J. Biol Chem., 
1P2S. 70. 221. 


rats given large amounts of D.C.A. The in- 
dividual animals of this group which de- 
veloped lesions and on which serum sodium 
and chloride determinations were made 
showed no elevation of the serum Xa/Cl 
ratio. In the animals of Group 2 receiving 
both serum injections and ammonium chloride 
in their drinking water, there was a progres- 
sive elevation of the mean serum chloride, 
and this was reflected in a depression of the 
Na/Cl ratio. This was most marked follow- 
ing the second injection of serum, when it 
reached levels that were significantly lower 
than normal values for this group of animals 
before treatment or values in the Group I 
receiving serum alone determined at corres- 
ponding times. Five of the sodium and 
chloride determinations made on animals 
from Group 2 receiving both foreign protein 
and ammonium chloride were made on ani- 
mals that developed arterial lesions. In two 
of these the Xa Cl ratio was depressed sig- 
nificantly below normal values. 

Focal inflammatory' lesions were found in 
the coronary' and visceral arteries of both 
groups. The arterial changes were qualita- 
th'ely similar in both groups of animals. 
These were comparable to the lesions pro- 
duced by injections of horse serum that 
yve have described in detail elsewhere,® 
and illustrated in Fig. 1. However, there was 
some difference in the incidence of the arterial 
lesions between the animals of Group 1 yvhich 
received horse serum only and those of Group 
2 which received both horse serum and am- 
monium chloride as shown in Table II. Arterial 
lesions were seen in 10 animals of Group I and 
in 6 of the ammonium chloride treated series. 
The total number of organs exhibiting arterial 
lesions in the animals of Group 1 was 23. 
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the hemagglutination and complement fixa- 
tion titers of mumps infected allantoic and 
amniotic fluids and- concluded that the hemag- 
glutination titer was a function of virus con- 
centration. Ginsberg, Goebel and Horsfall^ 
showed that the rate of increase in concentra- 
tion of virus, as determined by infectivity 
titrations, paralleled the rise of hemagglutin- 
ation titers. The latter workers also found 
that an E.I. SO titer of the order of 
or higher was necessary before hemagglutina- 
tion with mumps virus was demonstrable. 

In order to rule out the possibility of a 
virus concentration titer too low to be detected 
by hemagglutination, the allantoic fluids of 


11 Ginsberg, H. S., Goebel, W. F., and Horsfall, - 
F. L., Jr., J. Bxp. UcH., 194S, 87, 3Su. 


the gl3xolized air samples were reinoculated 
into chick embryos. Following this second 
passage, no rise in titer was observed, and it 
was therefore concluded that no mumps virus 
was present. 

Summary. 1. Under the conditions of these 
experiments, triethylene glycol vapor in sat- 
urated concentrations was rapidl,v lethal for 
air-borne mumps virus and Newcastle disease 
virus. 

2. Triethylene glycol vapor was also lethal 
for air-borne mumps virus in concentrations 
below saturation. 

tVc should like to express our indebtedness to 
Dr. Eobert liVard for his helpful advice throughout 
this study. 

Eeecivcd July 14, 1949! 


17299. Effect of Ammonium Chloride on Serum Sodium/Ghloride Ratio in 
Foreign Serum Arteritis in Rabbits. 


Chester R. McLean and Robert H. More. 

From Department of Pathology, Pathological Institute, McGill University, Montreal, Canada. 


An arteritis has been induced in rats fay the 
administration of large amounts of desoxy- 
corticosterone acetate (D.C.A.) by Selye,^ 
and in rats so treated the development of 
these lesions was inhibited when NH^Cl was 
added to their diet.^ D.C.A. overdosage in 
rats also causes a rise in the serum sodium 
and the serum Na/Cl ratio^-- and a reduction 
of this ratio toward the norm following 
NH4CI therapy has been held to be significant 
in inhibiting the development of D.C.A. in- 
duced arteritis and other lesions in the rat.* 
It was thought that if this elevation of the 
serum Na/Cl ratio was an essential step in 
the pathogenesis of the D.C.A. arteritis, then 
if there is a common pathogenesis in the de- 
velopment of the D.C.A. arteritis and the well 
known foreign protein arteritis,® there should 

~~i Selyc.lEr H.nll, 0., aiid Rowley, E. M., Lancet, 
1945, 348, 301. 

2 Friedman, S. 51., Policy, J. E., .and Friedman, 
C. L., J. Exp. MeL, 1948, 87, 329. 

sjlore, E. H., and McLc.an, C. E., Am. J. Path., 
1949, 25, 413. 


also be an elevation of the serum sodium and 
Na/'CI ratio in animals given foreign protein 
which develop arteritis. It also seemed a 
logical possibility that ammonium chloride 
might inhibit the development of foreign pro- 
tein arteritis if there is a common patho- 
genesis in the development of these two types 
of arteritis. The following e.xperiments were 
designed to determine whether these logical 
possibilities concerning the pathogenesis of 
these two t3'’pes of arteritis are correct. 

Materials and methods. Group 1. Eighteen 
albino rabbits of 2-3 kg weight were given a 
diet of Purina Rabbit Chow and vater to 
drink ad libitum. The rabbits were given an 
intravenous injection of sterile whole horse 
serum in a dose of 10 cc/kg of body weight. 
The serum injection was repeated ab^r // 
days. Seven days later ail animals were killed 
by air embolism and sections were prepared 
for histological study from all tissues a.s in 

our previous studies.® nf 7 i 

Group 2. Seventeen albino rabbib of 2-3 
kg weight derived from the same sources and 
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TABLE II. 


Comparison of Incidence of Arteritis Between Group I and II. 




lucidenee in orgnns 

Incidence in animals 



Group I 

Group II 

Group I 

Group II 



Serum 

Serum 

Serum 

Serum 



onlv 

anOXH^Cl 

onlv 

and XH.,C1 


Arteries 

18 rabbits 

17 rabbits 

IS rabbits 

17 rabbits 


Coronary 

10 

o 




.\ortfl 

C 

O 




Ales enteric 


o 




Gastric 

1 

1 




Pancreatic 

4 

1 




Total 

23 

11 

10 

fi 


compared with the incidence of lesions in 
the animals of Group 1 receiving horse 
serum alone. Whether the trend might be- 
come significant by a more effective use of 
ammonium chloride is not established from 
the results, but it seems possible for the fol- 
lowing reason. The depression of the Xa/Cl 
ratio did not reach significant levels until after 
the 24th da\’ of the treatment and this fact 
may indicate that any effect of ammonium 
chloride on the animals as a whole was not 
reached until this time. It therefore seems 
possible that if ammonium chloride (by what- 
ever mechanism) is responsible for the lowered 
incidence of lesions seen in Group 2, then 
more prolonged treatment with ammonium 
chloride before the animals receive foreign 
protein injections might be more effective 
in inhibiting the development of these lesions, 
and the trend toward inhibition of arteritis 
m the rabbits receiving both horse serum and 
ammonium chloride might reach significant 
levels. If this latter possibility were the case 
It might indicate a common pathogenesis for 
the development of the D.C..A. induced arter- 
itis on the one hand and foreign protein in- 
duced arteritis on the other, but from what 
has already been said, the alteration of the 
Xa/Cl ratio could not be an essential step 


in such a common pathogenesis. 

Summary. The possibiliU- was considered 
that experimentally induced D.C..\. arteritis 
and foreign protein arteritis might have a 
common pathogenesis mediated by way of an 
elevation of the serum Xa Cl ratio. To test 
this hv'pothesis one group of animals was 
given horse serum alone, and another both 
horse serum and ammonium chloride. There 
was no elevation of the serum sodium or 
X'a 'Cl ratio in those animals receiving horse 
serum alone and some of the animals receiving 
both horse serum and ammonium chloride 
showed a significant depression of the N'a/Cl 
ratio, even though they developed an arteritis. 

These results clearh- indicate that the de- 
%'elopment of foreign protein arteritis is not 
mediated through alterations of the serum 
sodium chloride ratio and therefore if such an 
alteration is essential to the development of 
D.C..^. induced arteritis as suggested bi^ 
Selye,^ then the pathogenesis of these two vari- 
eties of arteritis must be different. There was a 
decreased incidence of arteritis in the group of 
animals receiving horse serum and ammonium 
chloride, and it is suggested that this trend 
might become significant by a more effective 
use of ammonium chloride. 

Received July 14. 1P49. P.S.E.B.M.. 1949, 71. 
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Pig. 1. 


TypiMl arteritis following two large intravenous injections of horse serum, pre- 
senting fibrinoid necrosis of the media witli ceiiular exudation info the intima, media 
and adventitia consisting, essentially, of large mononuclear cells, 

Hcmafin phloxine and saffron X 90. 


whereas that in the ammonium chloride treat- 
ed group was only 11. 

Five of the animals of Group 1 and 6 of 
those of Group 2 showed focal inflammatoiy 
lesions of the heart valves. Morphologically, 
those of the NH^Ci treated group were in- 
distinguishable from those of Group 1. 

Discussion. Selye^ has postulated that one 
important factor in the pathogenesis of 
D.C.A. induced arteritis is the elevation of 
serum sodium with consequent elevation of 
the serum Na/Cl ratio. In order to establish 
the possible relationship between the patho- 
genesis of D.C.A. induced arteritis and for- 
eign serum protein arteritis, it seemed to us 
important to establish whether this same 
relationship of elevated serum Na/Cl ratios 
and the development of arteritis held for the 
production of foreign serum protein arteritis. 
In Group 1 receiving serum only, our results 
show that arteritis occurred without elevation 
of the serum sodium or serum Na/CI ratio. 

It is clear then that if the elevation of the 
serum Na/CI ratio is an essential factor in the 
pathogenesis of D.C.A. induced arteritis, then 
the pathogenesis of foreign protein arteritis 


must be different. Further evidence that an 
elevation of the Na/Cl ratio is not important 
in the development of the foreign protein 
arteritis is indicated by the fact that in the 
animals receiving both horse serum and am- 
monium chloride two animals, at least, that 
developed arteritis, showed a significant re- 
duction in the sodium chloride ratio below 
the mean normal value and significantly below 
the control pre-treatment values in these two 
rabbits. However, in view of the observations 
of Darrow' and Miller" that the mineral con- 
tent may vary independently in the serum 
and tissues, the possibility still e.xists that in 
the present experiment there may have been 
alterations in the sodium content of the tis- 
sues undetected by analysis of serum sodium. 

The interpretation of the possible inhib- 
itoi)-- effect of ammonium chloride on the 
development of the arteritis is not so dear. 
There ivas a decrease in the total number of 
affected animals and in the total number of 
organs with lesions in Group 2, but this de- 
crease was not statistically significant when 

"D.irrow, D. C., and Miller, 11. C., J. Clin. 
Inrest., 1642, 21, 601. 
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TABLE II. 

Comparison of Incidence of Arteritis Between Group I and II. 



Incidence in organs 

Incidence 

in animals 


f 

Group I 

Group II 

f 

Group I 

Group II 


Serum 

Scrum 

Serum 

Scrum 


only 

and XH 4 a 

only 

nndNH^Cl 

Arteries 

IS i-abbits 

17 rabbits 

IS rabbits 

17 rabbits 

Coronary 

10 

5 



Aorta 

(3 

o 



Mesenteric 

O 

*■» 



G.asfric 

i 

1 



Pancreatic 

4 

1 



Total 

23 

11 

10 

0 


compared with the incidence of lesions in 
the animals of Group 1 receiving horse 
serum alone. "Whether the trend might be- 
come significant by a more effective use of 
ammonium chloride is not established from 
the results, but it seems possible for the fol- 
lowing reason. The depression of the Na/Cl 
ratio did not reach significant levels until after 
the 24th day of the treatment and this fact 
may indicate that any effect of ammonium 
chloride on the animals as a whole was not 
reached until this time. It therefore seems 
possible that if ammonium chloride (by what- 
ever mechanism) is responsible for the lowered 
incidence of lesions seen in Group 2, then 
more prolonged treatment with ammonium 
chloride before the animals receive foreign 
protein injections might be more effective 
in inhibiting the development of these lesions, 
and the trend toward inhibition of arteritis 
in the rabbits receiving both horse serum and 
ammonium chloride might reach significant 
levels. If tins latter possibility were the case 
It might indicate a common pathogenesis for 
the development of the D.C.A. induced arter- 
itis on the one hand and foreign protein in- 
duced arteritis on the other, but from what 
lias already been said, the alteration of the 
1^'a/Cl ratio could not be an essential step 


in such a common pathogenesis. 

Summary. The possibiliW was considered 
that experimentallj' induced D.C.A. arteritis 
and foreign protein arteritis might have a 
common pathogenesis mediated by way of an 
elevation of the serum Xa Cl ratio. To test 
this hypothesis one group of animals was 
given horse serum alone, and another both 
horse serum and ammonium chloride. There 
was no elevation of the serum sodium or 
Xa/C! ratio in those animals receiving horse 
serum alone and some of the animals receiving 
both horse serum and ammonium chloride 
showed a significant depression of the Xa/Cl 
ratio, even though they developed an arteritis. 

These results clearly indicate that the de- 
velopment of foreign protein arteritis is not 
mediated through alterations of the serum 
sodium chloride ratio and therefore if such an 
alteration is essential to the development of 
D.C.A. induced arteritis as suggested by 
Seljm,^ then the pathogenesis of these two vari- 
eties of arteritis must be different. There was a 
decreased incidence of arteritis in the group of 
animals receiving horse serum and ammonium 
chloride, and it is suggested that this trend 
might become significant by a more effective 
use of ammonium chloride. 


Received July ll, 1P49. P.S.E.B.5I., 1949, 71. 
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_ . , . . , Pig. 1. 

oo„u^‘flv; folloiving two large intravenous injections of horse serum, pre- 

tlie media with ceiiular e.vudation into the intima, media 
nnu nd\ontitiu consisting, essentially, of large inononuclcaj* cells. 

Hematin phloxine and saffron X 90. 


whereas that in the ammonium chloride treat- 
ed group M'as only 11. 

Five of the animals of Group 1 and 6 of 
those of Group 2 showed focal inflammatory 
lesions of the heart valves. Morphologically, 
those of the NH4CI treated group were in- 
distinguishable from those of Group I. 

DtsaissioiJ. Selye^ has postulated that one 
important factor in the pathogenesis of 
D.C.A. induced arteritis is the elevation of 
serum sodium with consequent elei’ation of 
the serum Na/Cl ratio. In order to establish 
the possible relationship between the patho- 
genesis of D.C.A. induced arteritis and for- 
eign serum protein arteritis, it seemed to us 
important to establish whether this same 
relationship of elevated serum Na/Cl ratios 
and the development of arteritis held for the 
production of foreign serum protein arteritis. 
In Group 1 receiving serum only, our results 
show that arteritis occurred without elevation 
of the serum sodium or serum Na/Cl ratio. 

It is clear then that if the elevation of the 
serum Na/Cl ratio is an essential factor in the 
pathogenesis of D.C.A. induced arteritis, then 
the pathogenesis of foreign protein arteritis 


must be different. Further evidence that an 
elevation of the Na/Cl ratio is not important 
in the development of the foreign protein 
arteritis is indicated by the fact that in the 
animals receiving both horse serum and am- 
monium chloride two animals, at least, that 
developed arteritis, showed a significant re- 
duction in the sodium chloride ratio below 
the mean normal value and significantly below 
the control pre-treatment v^alues in these two 
rabbits. However, in riew of the observations 
of Darrow and Miller’ that the mineral con- 
tent may vary independently in the serum 
and tissues, the possibility still e.xists that in 
the present e.\-periraent there may have been 
alterations in the sodium content of the tis- 
sues undetected by analysis of serum sodium. 

The interpretation of the possible inhib- 
itory effect of ammonium chloride on the 
development of the arteritis is not so clear. 
There was a decrease in the total number of 
affected animals and in the total number of 
organs with lesions in Group 2, but this de- 
crease was not statistically significant when 

TD.irrow, D. C., anil Miller, H. C,, J. Clin. 
Invest., 1942. 21, 601. 
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T.ABLE I. 

nromsulplialeiu Betontion. Total Liver Lipids, Amount of Fat and Eibonucleic Acid Depletion witli 
Standard Deviation in Normal Eats and Bats Intoxicated with CCI 4 with and without Previous Admin- 
istration of Vitamin B];. 

BSP Eibonucleic 

Administration of retention Total liver lipids Histologic acid deple- 

, , in mg % . fat grade tion grade 

Xo.of Vit. B,o. CCl^, V g % liver mg % body wt , , ^ 

rats ;xg/inO g cc/100 g Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 


25 



0.29 

0.2G 


7 





4.8 

31 


0.033 

0 

0.97 

S.S 

oS 

15 

0.033 

0.90 

0.60 

(>.-2 


ted in the distribution. Therefore the cri- 
teria used can simply be described as follows; 

0 - absence of fat; IH fat deposition in 

the central zone; 2-j fat deposition in the 

central and intermediarj’’ zone; 3-i diffuse 

fat deposition. 

4. The ribonucleic acid depletion of the 
cytoplasm was graded from 0 to 5 -j- in meth}'! 
green-pyronine stained slides of Camoy-fi.Yed 
material. The specificity of the stain for ribo- 
nucleic acids was confirmed by digestion with 
ribonuclease.^'’ Again the distribution was 
graded as a measure of the intensity of the 
depletion as follows: 0 — no depletion: 1 -{ — 
partial depletion of the central zone; 2-j — 
marked depletion of the central zone: 3 -j — 
depletion of the central and intermediary 
zone: 4 -j- - depletion of the central and inter- 
mediar\- zone and partial depletion of the 
peripheral zone: 5 -j — diffuse depletion. 

In addition, hematoxylin-eosin stained sec- 
tions were studied for confirmation. 

Results. The rats into.xicated with CCI4 
showed the characteristic histologic altera- 
tions.*' In comparison to the controls, there 
was increased deposition of lipids (demon- 
strated histologically and chemically), in- 
creased BSP retention and ribonucleic acid de- 
pletion. Intoxicated rats which previously 
had received vitamin Bjo showed significantly 
less histologic alterations than the non-treated, 
CCb intoxicated rats. In the treated group, 
the increase in BSP retention and in fat de- 
position was only one-third and the ribonu- 
cleic acid depletion about one half that ob- 
served in the non-treated group. In general, 

l'' Br.-ielict. .T.. Compt. rend. Soc. dc Efof., 1940, 
imi, SO. 


1.4 

166 

24 ^ 

0.15 

0 . 2 s 

0.65 

0.75 

1.4 

366 

61.6 

2.00 

0.70 

3.60 

0.S7 

1.4 

236 

41.5 

(I.S3 

0.60 

2.50 

0.83 


the 4 criteria studied quantitatively varied in 
a parallel fashion in individual animals. 

Discussion. The previous administration 
of vitamin B 12 protects rats from CCU intoxi- 
cation to a considerable degree. This is evi- 
denced by 4 criteria selected for quantitative 
studies, 2 of them histologic and 2 of them 
biochemical. On the average, the vitamin 
Bi 2 treated animals showed approximately 
one-third of the changes obseiA'ed in non- 
protected rats. .Although the criteria selected 
concerned different hepatic functions, there 
was marked parallelism in the degree of alter- 
ations in the individual animals, the into.xi- 
cated as well as the protected. The dose of 
vitamin Bjo used was excessively large when 
compared to the effective dose in anti-anemic 
therapy. However, the smallest effective dose 
in hepatic injury" is yet to be determined. The 
dose in absolute weight is much smaller than 
that of any other substance used in lipotropic 
or protective therapy of the liver.*® 

The mechanism of action of vitamin B 12 
in ameliorating the effect of CCI4 intoxica- 
tion upon the liver is not yet fulh" elucidated. 
Since the animals were on a balanced diet, 
a primary lipotropic effect, comparable to 
that of choline and methionine, is doubtful; 
the latter occurs, if at all, only in animals on 
low protein diet.*' If, as originally" assumed, 
the protective effect through the ribonucleic 
acid metabolism could be further confirmed, 
vitamin Bi^ therapy would be promising in 
other t\-pes of hepatic injury-. It is possible 

l«Brunscliwig, A., Johnson, C., .nnd Nicliols, S., 
Eroc. Poc. Exp. Biol, .vxd Med.. 1945, GO, 3SS. 

w Drill, y-. A., and Loomis, T. A., J. Pharm. 
Ejp. Thrr., 1947, DO, 13S. 
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The relation between vitamin Bjo and ribo- 
nucleic acid compounds is, at present, being 
investigated^-^ Vitamin Bio has been re- 
ported to prevent the disappearance of liver 
basophilia which occurs when soj'bean oil 
meal is the sole source of protein in the diet 
of rats.^ This basophilic hue of the cyto- 
plasm of liver cells is due to the presence of 
ribonucleic acid compounds.® In addition, it 
has been shorvn that ribonucleic acid decreases 
or disappears in the initial stages of carbon 
tetrachloride intoxication/'® as well as in 
other types of hepatic injury These find- 
ings suggested an investigation of the effect 
of vitamin Bi2 upon acute hepatic injury due 
to ecu intoxication in rats as an easily re- 
producible example of hepatic injury. 

Methods. A total of 69 female rats, 2 to 3 
months old, on a well balanced diet with a 
relatively high protein content received intra- 

■* Supported by grants from the Dr. .Terome D. 
Solomon Memorial Research Foundation .and the 
Committee on Scientific Besoarcli of the American 
Medical Association. 

t Solomon Foundation Fellow. 


peritoneallyr 1 cc of mineral oil containing 

0.033 cc of CCI4 per 100 g of body weight. Of 
these, 38 received 15 pg of vitamin per 
100 g of body weight, divided into 4 doses, 
injected subcutaneously 72, 48, and 24 hours 
prior to, and simultaneously with, the injection 
of the CClj. As controls 7 normal rats of the 
same strain and age were used for chemical 
and histological examination of the liver and 
25 for the bromsulphalein (BSP) retention 
test. 

To evaluate the degree of liver damage 48 
hours after the administration of the CCk 
(the time of the most marked deposition of 
fatii.is) ti^e following tests were done; 

1. Immediately before sacrificing the 
animals, the serum BSP concentration was de- 
termined^® in 1.5 cc of blood obtained by 
heart puncture 30 minutes after intraperi- 
toneal administration of 5 mg of dye per 
100 g body weight. The results were ex- 
pressed in mg of BSP per 100 cc of serum. 

2. The total liver lipids were determined 
after extraction with absolute alcohol and re- 
extraction of the alcoholic extract with ether 


1 XVright, L, D., Skeggs, H. E., and Huff, J. TV., 
J. Biol. Chem., 1948, 173, 475, 

aSliive, IV., Kavcl, .1. M., and Eafcin, R. E., 
J. Am. Chem. Sor., 1948, 70, 2C14. 

3 Hoffmann, C. E;, Stokstad, E. L. B., Franklin, 
A. L., and Jukes, T. H., J. Biol. Chem., 1948, 17<5, 
14G5. 

■i Kitay, E., McMutt, IV. S., and Sneli, E. E., 
J. Biol. Chem., 1949, 177, 995. 

5 Stern, J. E., Taylor, M. AV., and Bussell, AV. C., 
Froc. Soc. Exp. Bioi,, axd AIed., 1949, 70, 551. 

6 Dempsey, E, Al^, and AVisIocki. G. B., Physiol. 
Bee.. 1948, 26, 1. 

" Bosin, A., and Doljanski, L., Proc. Soc. Exp. 
Bioi,. and 5Ied., 1940, 62, 62. 

8 , Szanto, P. B., and Popper, H., Bull. hit. Assn. 
Med. Museums, 1948, 28, 119. 

O Opie, E. L., j. E:rp. Med.. 1946, 84, 91. 
to Szanto, P. B., and Popper, H., Froc. Inst. 
Med. Chicago. 1948, 17, 1C9. 


according to Bloor.'^ The results were re- 
corded both in grams per 100 g of liver and 
milligrams per 100 g of body weight. 

3. The amount of fat was paded from 0 to 
3-(- in Sudan III stained slides of formalin- 
fixed material. As the fat deposition starts 
around the central vein, the amount is reflec- 

JAatamin Bjo concentrate (Kubramin) in am- 
puls containing the equivalent of 15 pS of 
min Bj 2 was generously supplied by E. E. Squibb 
& Sons, Hew York. 

11 Cameron, G. E., and Karunaratne. AV. A. E., 


J. Path., 193G, 42, 1 

12 Koch-AVeser, D., Sao Paulo Medico, 


Pevereiro, 167. 

13 Casals, J., and OHtzky, P. E., Proc. oc. 
Exp. Bioi,. axu AIep., 1946j 3S3, 

iiBIoor, AV. E., Bioeliemistry of Fatty Acids, 
Reinhold Publisiiing Corp., Hew '^e>rk, m3. 
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TABI.E I. 


Effect of Xephreetomy on the Blood Pressure of Hypertensive nnd Xormotcusive Bats. 


Group 

Bat 

Xo. 



Blood pressure in mm Hg 




/ 

Before 

nnineplireetomy 

/ “ ■ “ 

Initial Pinal 



Total neplireefomy 



Before 

5 

hr 

21 

lir 

30 

hr 

45 

hr 

55 

hr 

4 ~ 

hr 

Control 

1 

9S 

112 

106 

129 

119 

139 

— 

— 

— 


O 

112 

125 

IIS 

129 

122 

128 

— 

— 

— 


3 

100 

123 

116 

13S 

124 

118 

123 

148 

. 


4 

114 

115 

135 

128 

149 

— 

— 

— 

— 


5 

112 

139 

127 

131 

150 

127 

— 

— 

— 


G 

105 

116 

105 

117 

124 

149 

126 

— 

— 

DCA 

7 

94 

120 

166 

157 

158 

170 

154 

187 

— 


s 

S6 

115 

178 

205 

183 

200 

201 

191 

— 


9 

lOS 

107 

159 

173 

166 

158 

160 

187 

205 


10 

117 

124 

157 

166 

156 

182 

193 

187 

— 


11 

90 

114 

152 

157 

164 

156 

166 

— 

— 


12 

95 

106 

143 

168 

149 

158 

186 

151 

— 


13 

101 

117 

162 

171 

191 

156 

193 

193 

206 


Blood pressures of controls and DCA treated rats at selected intervals during the course of 
the experiment. Controls animals Xos. 4 and 5 proved to have a mild interstitial nephritis. 


tomy.’^ This led the authors to conclude that 
hj-pertension of renal origin cannot be main- 
tained in the completely nephrectomized ani- 
mal. If then, hypertension resulting from 
DCA treatment is in reality a renal hj-per- 
tension provoked by a vasculo-toxic effect of 
DC.\ on the renal vessels, an immediate re- 
turn of the blood pressure from hypertensive 
to normal levels would be e.vpected to occur 
in the totally nephrectomized DC.A treated 
animal. This hypothesis was tested in the 
following manner. 

Materials and methods. Fourteen young 
male albino rats weighing between 88-138 g 
(avg 110 g) constituted the e.xperimental 
series. For a period of 2 weeks prior to the 
initiation of DC.\ treatment several deter- 
minations of blood pressure were made in 
order to accustom the animals to the appa- 
ratus and to determine the basal pressure of 
the rats. During this period they received 
Purina dog chow and tap water ad libitum. 
On the 15th day all animals were subjected 
to left nephrectomy under ether anesthesia 
and divided into two groups. The 8 animals 
of Group I received subcutaneously two com- 
pressed pellets of DC.A weighing 50 mg each, 
while the 6 rats of Group II served as con- 

ir.Eodbnrd, S,, nnd Kntz, L. X.. Avi. J. M. Sc., 
1P39, 108, G02. 


trols. .At this time the tap water was replaced 
by 0.85% NaCl solution which served as 
drinking fluid for both groups until the second 
nephrectomy was performed. The food was 
not altered. The sensitizing influence which 
uninephrectomy and sodium chloride e.vert on 
the hypertensive effect of DC.A has been de- 
scribed previously 

Throughout the course of the experi- 
ment blood pressure measurements were taken 
on the animals of both groups several times 
weekly until total nephrectomy, thereafter 
twice daily, using the method of Williams, 
Harrison, and Grollman'® as modified by' 
Sobin.*” The measurements were made on 
unanesthetized animals after a preliminary 
warming for an adequate period in a specially- 
constructed heating chamber, after which the 
tail was kept warm by the circulation of 
heated water through a jacket surrounding 
the membrane of the plethysmograph. .At 
each determination the blood pressure was 
measured until two successive readings agreed 
to within 5 mm Hg then the 4 subsequent 
readings were taken and averaged. This 
method has proven to be simple and reliable 
under the conditions described. 

icyvilliams, J. B., Harrison, T. E., and Groll- 
man. J. Clin. Invest., 1939, 18, 373! 

wSobin. S. S., Am. J. Fhysioh. 1947, 140, 179. 
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that the influence upon nucleic acids is the 
basic function of this vitamin. This may be 
the mechanism of its action as the maturation 
factor of erythrocytes. 

Smnmary. Administration of IS ngpev 100 
g body weight of vitamin Bjo to rats preced- 
ing acute CCI 4 intoxication inhibits the de- 
velopment of histologic changes, especially 
fatty metamorphosis and depletion of ribonu- 


cleic acid. In addition, there is less deposi- 
tion of lipids determined biochemically and 
less BSP retention than in the intoxicated 
controls. These results are tentatively related 
to an effect of vitamin Bjo on ci'toplasmatic 
ribonucleic acid, which has been shmrn to dis- 
appear early in hepatic injury. 

Received Jiiiy 15, 1949. P.S.B.B.Jl., 1949, 71. 


1/301. Persistence of Desoxycorticostevone-lnduced Hypertension in the 
Nephrectomized Rat. 


C. E. Hall and 0. Hall. 

From Carter Physiological Lahoratory, University 

The administration of deso.xj'corticosterone 
acetate (DCA)* provokes hypertension char- 
acterized by persistent elevation of systolic 
and diastolic blood pressures. This has been 
observed in rats^"* and in dogs.® Elevation of 
blood pressure to hypertensive levels in pa- 
tients with Addison’s disease, and also 
aggravation of essential hypertension®-* have 
been observed following DCA treatment. 

Animals treated with this hormone develop 
nephrosclerosis^-!® and periarteritis nodosa,^^ 

* The desoxycorticosterone acetate used in this 
experiment was generously provided by Dr. Envin 
Sclnvenlc of the Schering Corporation, Bloomfield, 

N. J. 
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(Introduced by E. Ogden.) 

of Texas Medical Branch, Galveston, Texas. 

vascular lesions which are frequently observed 
in hypertension induced experimentally by 
various surgical interventions on the kidney.** 
This raises a question as to the mechanism 
whereby DCA exerts its effect. The most 
commonly encountered views are either that 
DC.A causes the development of hypertension 
which then results in widespread vascular 
damage, or that the vascular tissue is affected 
first with hypertension developing as a sequel 
to interference with intrarenal haemody- 
namics.''-*®-’'* 

BTiether or not the hypertensive effect of 
DC.Ai is mediated via the kidneys is a question 
of fundamental importance in the interpreta- 
tion of e.xperimental results involving this 
hormone and is also intimately concerned veitb 
the nature of hypertension accompanying 
adrenal cortical hyperfunction. 

Hypertension resulting from the applica- 
tion of a constricting ligature to one renal 
artery subsides completely and promptly to 
normotensive levels following to tal nephrec- 

“lo Selye, H., .lud Hall, C. E., Am. Ucari J., 1944, 

27, 338. , 

11 Selye, H., and Pentz, I., Canad. Med. Assn. J., 

J943 40, 264. 

laSmitli, C. C., and Zeck, P Am. J. Path., 1947, 
its. 147. 

wSelvc, H., J. Clin. Endocrinol. 1946, 0, 117. 

14 Softer, h. J., Diseases of the Adren.nls, 2nd 
edition. Pea and Pebiger, 1948, 229. 
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clinical cases of adrenal cortical hjiierfunc- 
tion, especially of the Cushing’s disease triie. 
In such cases, just as in chronic essential 
hj’pertension, renal arteriosclerosis (nephro- 
sclerosis) is usually an associated manifesta- 
tion. In renal hj^iertension produced by the 
application of a partially constricting ligature 
to one renal artery, again h%-pertension and 
nephrosclerosis are present.-® Therefore there 
is a school of thought which holds the hr'per- 
tension of adrenal cortical hj^Derfunction and 
of essential hj'pertension to be due to renal 
mechanisms. The belief that essential hj^ier- 
tension is a renal disease has led to numerous 
attempts to relieve or cure the disease b}' 
uninephrectomy. The successes following such 
operations®'--® have been paralleled by the 
failures,®'-®® the latter occurring even when 
tests revealed the remaining kidney to be 
normal. Thus the role of the kidney in the 
genesis and maintenance of essential hyper- 
tension is uncertain. However, since in ani- 
mals with experimental renal hypertension 
removal of the ligated kidney will result, at 
least in the acute phase, in abolition of the 
hji^ertension, it is reasonable to assume that 
if DCA induces hypertension by a renal 
mechanism this should be ‘‘cured'’ by ne- 
phrectomy. 

The role of the adrenal cortex, from which 
deso.xycorticosterone may be extracted.®"^ in 
essential hypertension is similarly unsettled, 
A high degree of correlation between the oc- 
currence of adrenal cortical adenomas and 
essential hypertension has been reported by 

-0 Wilson, C., and Pit-kcring. G. W., Clin. Sc., 
193S, 3. 343. 

-' Platt. R., Proc. Soy. Soc. ilcii., 1941, 33, 317. 

~ Wilson, C. S., and Cliamkcrlain, C. T., J. 
Prol., 1.04i, 47, 421 

.Senians, J. H., Bull. Johns Ilnpl.ins Sosp., 
1944, 7.3, 184. 

-■* 1 ricdman, B., Mnslikonltz, L., and Alarms, 
•T.. ,7. Vroi.. ]94‘2, 48, o. 

-J,-. Weiss, E., and aiasis, H., J.A.ii.A., 1943, 
133, 277. 

Sabin. H. S., ,7. Vrnl., 1948. <39. S. 

-7 Roiclistein. T., and von Einv, .T.. Bcirrt. 
Cliim. Arin, 193S, 21, 1197. 


some observers, but others have not noted the 
association.'® Similar disagreement exists as 
to the status of urinary^ cortin in essential 
hypertension. The methods at present in use 
permit separation of the true corticoids. 
which may be mineral-active or carbohydrate- 
active, from testoid cortical hormones, but 
they do not sharply’- separate the individual 
hormones from one another. It may be that 
the cortical hormone or hormones involved in 
essential hypertension escape detection by- 
current methods. 

The present data indicate that the kidneys 
are not necessary participants in the main- 
tenance of DC.A. hypertension. 

This experiment does not explain the 
mechanism whereby’ DC.-\ e.xerts a hyperten- 
sive effect, but it does indicate that the hor- 
mone does not induce hypertension by evok- 
ing the renin-angiotonin system. On similar 
grounds the hypertension of early adrenal 
cortical hyperactivity is probably of non- 
renal origin. It is possible, however, that 
when the nephrosclerosis develops, whether in 
the DC.A treated animal or in the clinical 
conditions of essential or adrenal cortical 
hypertension, a renal hypertension may be- 
come superimposed upon a non-renal form. 

Absence of vascular lesions in the acutely 
hypertensive DCA treated rat and their in- 
variable presence in the chronically treated 
rat suggests that hypertension precedes 
nephrosclerosis in development. Therefore 
either hypertension causes the renal vascular 
lesions or the two are independent manifesta- 
tions of DC.A overdosage. The former hy- 
pothesis would seem to be the more tenable. 

Summary. The blood pressure of rats 
rendered hypertensive by treatment with des- 
o.xycorticosterone acetate continues to rise 
following total nephrectomy’. Hypertension 
of this type is not dependent upon a renal 
mechanism for its maintenance and it is not 
a consequence of renal vascular damage which 
is a later development. The relationship of 
the adrenal cortex to certain forms of clinical 
hypertension is discussed. 

Rtvfivod .lulv 15, 1949. I’.S.E.B.M.. 1949, 71 , 
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Twenty-eight days after the initiation of 
DCA treatment the animals of Group I had 
developed definite hypertension. At this time 
the remaining kidney was excised from ani- 
mals of both groups. Inasmuch as both food 
and water have been shown to exert a detri- 
mental effect on survival after total nephrec- 
tomy^® both were withheld from the animals 
for the remainder of the experiment. Blood 
pressure recordings were made on each animal 
in the early morning and late afternoon until 
death supervened. The kidney which was 
removed at the second operation was fixed in 
Bouin's solution for histologic examination. 
One of the rats in Group I died before the 
second operation and was thereby eliminated 
from the e.xperiment. 

Results. The basal blood pressure values 
prior to uninephrectomy and the institution 
of DCA treatment were essentially the same 
in the animals of both groups. Hypertension 
was observed in some animals of Group I as 
early as the 14th day after implantation of 
DCA and was manifest in all of the animals 
of the group by the 17 th day. In accordance 
with previous experience the animals of Group 
I consumed a considerably greater quantity 
of fluid than the controls and developed a 
marked diuresis. During the period before 
total nephrectomy the blood pressure of the 
control animals (see Table I) exceeded 129 
mm Hg on only one occasion whereas the 
animals of Group I on the contrary displayed 



Fw. I. 

Blood pressure of DCA frc.oted and control rats. 
A progressive rise in blood pressure to hv'pcrtcn- 
sivc levels followed the implant. ation of DCA on 
the l.Sth day. This was not abolished by total 
nephrectomy. 

followed by one within the normal range. 
The reason for this is not clear. Further work 
is in progress to elucidate the reason for this 
behavior. Postoperatiyely the blood pressure 
of the animals of Group I rose from an 
average of 160 mm Hg to one of 178 mm Hg 
at 55 hours at which time the group was still 
intact, and to 206 mm Hg at 72 hours when 
2 animals survived. 

The results, summarized in Fig. 1, indicate 
that rather than declining after total nephrec- 
tomy the blood pressure of the animals of the 
DCA treated group continued to rise, while 
that of the control animals remained unal- 


a constantly rising blood pressure. At the 
time of total nephrectomy the average blood 
pressure of the control animals was 118 mm 
Hg (range 105-127) while that of the treated 
animals was 160 mm Hg (range 143-178). 

Subsequent to total nephrectomy the blood 
pressure of the animals in Group II remained 
essentially unaltered at the preoperative 
normotensive level (Table I and Fig. 1). The 
only animal in this group which survived for 
55 hours had a blood pressure of 148 mm Hg. 
This single value is probably without signifi- 
cance. Single hypertensive readings were oc- 
casionally encountered in other control ani- 
mals, but no definite hypertensive trend was 
apparent, a hypertensive reading often being 

IS Bergman, H. C., and Drury, D. R., J- Clin, ^ 
Invest., 19.S9, 18, 777. 


In accordance with previous findings 
DCA prolonged the survival time of the com- 
pletely nephrectomized animal {Table I). Ao 
attempt was made to accurately determine 
the time of death in these animals. 

Histologic examination of the kidney which 
had remained w situ throughout the period of 
DCA treatment failed to reveal the presence 
of vascular lesions. In some of them a ew 
convoluted tubules were dilated and an occa- 
sional cast was observed. Two of the control 
animals (Table I) exhibited interstitial 

nephritis of a mild degree. _ 

Discussion. HjTertension is one of the 
most commonly encountered symptoms in 

333 . 
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TABLE I. 

Unsaturated Fatty Acids in the Bodies of Eats on Fat Deficient Diet and of Tiiose Supplemented ivith 

Ethyl Dinoleate. 




No. of 
rats 

Avg 
wt., g 

Ayg Epid 
content/ 
rat,g 

Linoleic* 

Linolenic* 

Araehidome* 

% 

g/rat 

Vo 

g/rat 

% 

g/rat 

Stage 1 

Depletion 

9 

131 

3.17 

2.18 

.068 

0 

0 

5.76 

.183 

Stage 2 

Appearance of 

10 

215 

21.1 

.38 

.080 

.37 

.078 

.686 

.145 

Stage 3 

Recovery 

10 

276 

38.4 

.58 

OOP 

.36 

.138 

.332 

.127 

Stage 3A 

17 days later 

0 

282 

40.4 

.65 

.252 

.44 

.178 

.299 

.121 

Stnge 3A -j- linoleate 

5 

323 

66.6 

1.71 

1.139 

.21 

.140 

.388 

.258 


* As calculated by the method of Brice ct aL-.s 


amounts of linoleic and linolenic adds as the 
rats were maintained on the fat free diet 
beyond their recovery stage. 

The supplementation of ethyl Unoleate 
resulted in considerable increase in total fat 
and the levels of both linoleate and arachi- 
donate present in the fat. At the same time 
the level of linoleneate declined. 

Dhaission. It is interesting that the ap- 
pearance of the essential fatty acid deficiency 
symptoms coincides with a sharp reduction 
in the levels of linoleic and arachidonic acids. 
The accurac)' of the zero value for the lin- 
olenic acid at the first stage is doubtful. The 
dependent nature of the simultaneous anal 3 'sis 
for the three acids and the high level of 
arachidonic could have obscured the small 
amounts of linolenic which might have been 
present. The appearance of some linolenic 
in the second stage, when the levels of both 
arachidonic and linoleic declined sharply, 
seems to support this doubt. 

The increase in the total amounts of linoleic 
and linolenic at the period when the deficiency' 
symptoms had largely disappeared (3rd stage) 
is further indicated in the unsupplemented 
group of 5 rats which were killrf 17 day's 
later. Considering the fact that the diet of 
the rats was devoid of these acids, these find- 
ings support the e.vplanation suggested in the 
previous paper, » namely that at least a limited 
amount of essential fatty acids is synthesized 
in the body of the mature rat. .A.t these levels 
the increase of linoleic and linolenic acids onlv 
is observed. It is obvious, however, from the 
arachidonic acid level of the group supple- 
mented with linoleate, that the level of arachi- 
donate also increases in the body at least when 


the linoleate is administered orally or when 
it reaches a certain lev'el in the tissues. 

Sinclair^-’’ concluded that the essential fatty' 
acids including arachidonic are probably syn- 
thesized by' the rat on a fat free diet, but not 
to a sufficient e.vtent to fulfill the requirements. 
Investigators at the Massachusetts Institute 
of Technology'*' fed rats a synthetic diet con- 
taining tri-di-deuterioiso-olein for 42 days. 
They' analyzed the fatty acids from the car- 
casses and found that the arachidonic acid in- 
creased as the e.vperiment continued, suggest- 
ing that arachidonic was sy'nthesized by the 
rat. This was further supported by their 
findings that deuterium was present in the 
arachidonic acid molecule, for it indicated 
that the arachidonic was synthesized from the 
deuteriumated iso-oleic acid in the diet. 

In the present study' the supplemental feed- 
ing of linoleate, which raised the levels and 
amounts of linoleate and arachidonate in the 
bodies, appears to have lowered the levels of 
linoleneate. These findings support similar 
obsen'ations made by' Rieckehoff ct al.~ They' 
found that the trienoic acid content of heart 
fatty acids decreased upon supplementation 
with corn oil. They also found that when 
the fat deficient diet n-as supplemented with 
com oil a considerable deposition of arachi- 
donic or telraenoic acid took place, indicating 

•< Sinclair, E. G., J. Siol. Chcm., 1932, 00, los” 
= Sinclair, R. G., J. Jiiol. Chem., 1930, 114, xeiv. 
e- Ammrnious, Bcporf of Proprcs.s in Research 
III, Xntr. Biochem. Lai)., Department of Food 
Teehnoiogy, Mass.acJmsetts In.stitufc of Tcclmol- 
ogr, 1948, pp. 7-S. 

7 Eieckchofr, I. G., Holman, E. T.. and Burr, 
G. O., Arch, liiochem., 1949, 20, 331. 
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1/302. Relation of Fat Defiweney Symptoms to the Polyunsaturated Fatty 
Acid Content of the Tissues of the Mature !Rat.* 


V. H. Baekx, R. a. Collins, E. B. Hart, and C. A. Elvehjem. 

From Department of Siocticmisfrt/, College of Agriculture, Dniversitg of Wisconsin, Madison. 


In a previous study^ on the appearance of 
essential fatty acid deficiency symptoms in 
the mature rat, only the external symptoms 
were considered. As one of the possible ex- 
planations for the ultimate disappearance of 
the scaly paws, it was suggested that synthe- 
sis of at least a limited amount of an essential 
fatty acid might take place mthin tire animal 
itself. In order to check this possibility it was 
decided to examine the tissues for the amount 
of polyunsaturated fatty adds present at the 
various stages of development and disappear- 
ance of the symptoms. 

Experimental and results. The kind of 
rats employed and the general procedures used 
in this e.xperiment were similar to those de- 
scribed previously.^ Fat-free diet A’- was fed 
throughout the entire experiment. The fat 
soluble vitamins were suspended in propylene 
gljxol and were fed once weekly. At the end 
of the depletion period, during which the in- 
take of food was limited to approximately 5 
g per rat per day, 9 out of 39 rats were killed 
and the entire body fat was extracted for 


days on the ad libitum regimen, at which time 
most of the symptoms had largely, though not 
completely, disappeared, 10 more rats were 
killed and their fat analyzed as representative 
of the third stage. Two groups of 5 rats each 
were killed on the 88th day (stage 3A); 
those in one group had been supplemented 
with 2 drops (approximately 100 mg) of ethyl 
linoleate daily during the last 23 days. 

The polyunsaturated constituents of the 
body lipids were determined bj^ the modified 
method of Brice ct using alkali isomeri- 
zation followed by ultraviolet absorption 
measurements with the Beckman spectropho- 
tometer. It should be mentioned that Brice 
and coivorkers estimated that the probable 
error of the results is roughly ± lOfo of the 
quantity actually present when that quantity 
is about 10 fo of the total fat; and about ± 
25% when unsaturated acid measured consti- 
tutes only 1% of the fat analyzed. The re- 
sults of the analysis which represent the 
average of 4 separate determinations are pre- 
sented in Table I. 


analysis, with special care to prevent any 
change in the fat, e,g., a low temperature 
(40-50°C) was maintained in the vacuum 
oven during the drying of tissues, and a nitro- 
gen ebullition tube was used in all concentra- 
tion operations. 

The thirty remaining depleted rats were 
given food ad libitum, and 35 days later, when 
all showed symptoms of fatty acid deficiency, 
10 rats were killed for analysis. After 71 

* Published with the approval of the Director of 
the xriseonsin Agricultural Experiment Station. 
Supported in part by the Kesoarch Committee of 
tlie Graduate School from funds snpplied by the 
Wisconsin Alumni Besearch Foundation .and by a 
grant from the National D.airy Council, Chicago, 
on behalf of the American Dairy Associ.ation. 

1 Barki, V. H., Kath, H., Hart, E. B., and EI- 
rehjem, C. A., Pnoc. Soc, Exp. Biol, axd Med., 
1947, 06, 474. 


On the basis of these data, certain trends 
may be observed. At the end of the depletion 
period (stage 1) the total amount of fat in 
the body is low, but the percentages of linoleic 
and arachidonic acid in the fat are very high; 
the amount of arachidonic acid per rat is also 

In the second stage, when the deficiency 
symptoms appeared, a sharp reduction in the 
amount of linoleic acid and arachidonic acid 
was noted. The linolenk, which was not 
found in the first stage, appeared in a small 
amount at this stage. It is interesting to note 
that with the small reduction of arachidonic 
acid there was a st eady in crease in the 
yr. L., .7. Opf. Soc. 


35, 532. ^ _ 

B. A., Swain, Jt. D., Sch.-icffer, B. B., 
W. C., OH and Soap, lOio, 22. 23!>. 
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TABIiE I. 

Blocking of Ovulation by iSembutal 'Wlien Injected at a Critical Hour (2 P.M.) on the Dav 

of Proestrus. 


Exp. 

series 

No. of 
rats 

Nembutal treatment 

Autopsy 

interval 

post-inj. 


Results 


t 

Ovulation 

prevented 

Partial 

interference 

Fully ' 
ovulated 

t' 

Hr inj. 

Dose, mg/kg 

I 

O 

2 P.M. 

50 

19 hr 

0 

0 

0 


2 

Jf 

30 

20 hr 

O 

0 

0 

II 

11 

33 

30 

2-4 days 

11* 

0 

0 

ni 

2 

33 

50 

2-3 ” 

2t 

0 

0 


19 


30 

2-3 ” 

19t 

0 

0 

IV 

5 

4 P.M. 

50 

IS hr 

1 

1 

3 


5 

33 

30 

IS hr 

1 

0 

4 

Totals 

36 

2 P,M. 

30-50 


36 

0 

0 


10 

4P,M. 

30-50 


2 

1 

7 


* Ovulation Tvas prevented throughout by certain procedures on the second and third davs. 
(See test). 

f Ovulated before termination of experiment, but age of corpora lutea at autopsr indicates 
clearly that ovulation ^vas retarded one day by the initial treatment. 


employed: 30 and SO mgAs body weight, in 
single intraperitoneal injections unless other- 
wise specified. The concentration was 60 
mg/ml in a medium containing 20% propy- 
lene glycol and 10% alcohol. The lower dose, 
the more generally desirable, usualh' produces 
moderate anesthesia for an hour or more, with 
somnolence and other signs persisting in 
varying degrees for several hours. 

The animals were adult virgin females of 
the Vanderbilt substrain Va, as used in the 
earlier work.'” In each rat the e.xistence of 
regular 4-day cycles had been established by 
the vaginal smear method. In such indi- 
viduals the e.vpected ovulation time is from 
1:00 to 2:30 .A.M. during the night following 
proestrus,- 9 to 11 hours after the critical 
period during which neurohumoral stimula- 
tion of the h\pophj'sis presumably occurs 
(see above). 

At the end of each e.xperiment the animal 
was killed with illuminating gas. Tubal ova 
were looked for in the e.xcised ampullae com- 
pressed in physiological saline between a slide 
and cover slip.” The ovaries were fixed in 
Zenker's fluid, serially sectioned at 10 and 
stained by a modified ^lallorv tri-acid technic. 

In all rats injected with’ Nembutal at 2 
P.M. during proestrus, o\'ulation was pre- 

2 Everett, J. W., EndocrinoJopy , 194S, 43, 3S9. 


vented from occurring at the normal time 
(Table I). This was proven in series I bj' 
the presence of unruptured follicles on the 
day after treatment. In series II the proof, 
was less direct but no less certain. Although 
autopsi' was delayed 2 to 4 dat's after the 
initial treatment, hjpophj-seal stimulation on 
intervening days was prevented by either 
atropine (at 2 P.M. on the second dax') or 
bi' prolonged Nembutal sedation (repeated 
injections beginning at 2 P.M. each day). 
Persistent follicles and complete absence of 
recent corpora lutea in these 11 rats at the 
termination of e.xperiment demonstrated that 
the initial brief action of Nembutal during 
proestrus in the 2-4 P.M. interx’al postponed 
the (potential) activation of the h\-pophysis 
for a full 24 hours. In series III various 
modifications of treatment on the second and 
third days allowed stimulation of the hj-po- 
phi’sis on one or the other of these days, as 
judged from the histological appearance of 
the new corpora lutea. Here again, the initial 
treatment during proestrus had delayed stimu- 
lation for a full day. 

Quite differenth', in series IV, when injec- 
tions were made at 4 P.M. during proestrus. 
little interference with gonadotrophin release 
occurred. The high proportion of animals 
fully ovulating overnight compares with that 
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to them that this acid could be synthesized 
from linoleate. Nunn and Smedley-Maclean® 
also observed that supplementation with lin- 
oleic or with linolenic acids resulted in the 
production of arachidonate. 

While this work was in progress, Riecke- 
hoff, Holman and Burr" reported on the effect 
of dietary fat on polyethenoid fatty acids of 
rat tissues. One of their conclusions was that 
the deposition of polyunsaturated fatty acids 
takes place primarily in the phospholipid 
fraction with very little change in the neutral 
fat. They also found that the effect of the 
diet on the occurrence of the unsaturated fatty 
acids is considerably greater in some organs 
than in others, and that the polyunsaturated 
acids are particularly low in the skin and 
depot fat. Smedley-Maclean and Nunn® also 
found small amounts of arachidonate in the 
phospholipids of liver and muscle of fat 
deficient rats, but none in their neutral fat. 

On the basis of these observations it be- 
comes evident that the phospholipid fraction 
from the various organs (especially the heart, 
liver, brain and kidney) should be isolated 
and analyzed separately for better evaluation 
of the changes which take place in the essen- 

8 Nunn, L. C. A., and Smedicj'-Staclean, I., 
Siochem. J., 1938, S2, 2178. 

9 Smcdley-JIaclean, I., and Nunn, Jj. C. A., 
Biocliem. J., 1940, 34, 884. 


tial fatty acid content of the rat. Otherwise, 
the small amounts of these acids are diluted 
in the relatively large quantities of fat ex- 
tracted from the entire carcass, and the 
changes become less evident. 

Summary. 1. Caloric restriction, causing 
severe emadation, followed by ad libitum 
feeding on the same fat-deficient diet, pre- 
cipitated symptoms of fat-deficiency in ma- 
ture rats. When the rats, after depletion, were 
maintained on the fat-free diet ad libitum for 
sufficiently long periods, spontaneous recovery 
was observed. 

2. The tissues of these rats were analyzed 
for linoleic, linolenic and arachidonic acids by 
the spectrophotometric method. The concen- 
trations of linoleic and arachidonic acids in 
the body fat were found to vary with the ap- 
pearance of the symptoms; it was high at the 
end of the depletion period, and low at the 
stage when fat deficiency symptoms were pres- 
ent. The higher levels of linoleic and lino- 
lenic acids at the time of recovery, after a 
long period on the fat-free diet, are considered 
as further evidence for the synthesis of essen- 
tial fatty acids in the mature rat. 

3. Supplementation of ethyl linoleate in- 
creased the level of arachidonate in the body 
fat. 

K«ceivcd July 18, 1949. P.S.E.B.5I., 1949, 71. 


17303. The Blocking Effect of Nembutal on the Ovulatory Discharge of 
Gonadotrophin in the Cyclic Rat. 


John W. Everett and Charles H. Sawyer. 

(Introduced by Duncan C. Hetherington.) ^ 

From the Department of Anatomy, Duke University School of Medicine, Durham, N. 


In a preceding investigation^ it was indi- 
cated that in 4-day cyclic rats of the Vander- 
bilt strain, under our colony conditions, 
neurohumoral stimulation of the hypophysis 
occurs with great uniformity on the day of 
proestrus between 2 P.M. and 4 P.M., in- 
citing ovulatory discharge of luteinizing 

1 Everett, J. tV., Sarvyer, C. H., and Markee, 
J. E., Endocrinology. 1949, 44, 234. 


Administration of intravenous 
namine (NN'^^ihienzyl - p - chloroethyl 
le) or subcutaneous atropine at 2 P.M. 
irlier characteristically blocks ovulation, 
■tion of either agent at 4 P.M. or later, 
:ver rarely interferes. We have now 
i essentially identical time relationships 
Nembutal (pentobarbital sodium). 

:o dose levels of the barbiturate were 
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TABLE I, 

Lethal Effect of Different Str.ains of B. aiorttis Injected Intra-abdominally Into Mice Together 
with 0.5 ce of a 10% Mueiii Suspension. 


Strain 

Quantity 

injected 

(cc) 

No. of animals 

t V 

Under 

c.xperinient Died Survived 

Cumulative 

iiunibors 

r \ 

Died Survived 

Mortality, 

% 

Local strain 

0.5 

8 

5 

3 

8 

3 

72.7 


0.2 

8 

1 

7 

3 

10 

23.1 


0.1 

8 

a 

c 

2 

IG 

11.1 


0.05 

8 

0 

8 

0 

24 

0 

Siviss strain 

0.5 

8 

7 

1 

13 

1 

92.9 


0.2 

S 

4 

4 

G 

5 

54.5 


0.1 

8 

2 

6 

O 

11 

15.4 


0.05 

5 

0 

5 

0 

IG 

0 

Abortus 19 

0.5 

8 

4 

4 

8 

4 

0G.7 


0.2 

8 

4 

4 

4 

8 

33.3 


0.1 

8 

0 

8 

0 

16 

0 


of vaccines as well as the protective and hour broth cultures ranging from 0.005 to 
therapeutic action of sera and chemothera- 0.5 cc, to which 0.5 cc of mucin in varying 
peutic substances. concentrations was added. These e.\'periments 

Test organisms. Two strains, one of B. which were carried out with B. abortus as 
mclitcusrs and another of B. abortus, isolated well as with B. melitensis showed that ■ a 
in this country were employed. In addition mucin concentration of at least 10% must be 
to these, 3 laboratory strains of B. abortus employed in order to obtain a lethal effect; 
were employed. One was obtained from the 0.5 cc of broth culture produced a 100% 
National Tj'pe Collection in London and 2 mortality and 0.2 cc of broth culture a 50% 
others representing the attenuated “Abortus mortality when injected together with 0.5 cc 
19” from the Government Veterinary Labora- of a 10% mucin suspension. Mucin suspen- 
tories in Tel Aviv. One of these strains, desig- sions of 5.0% and 7.5% given with the same 
nated as “Swiss strain 19” proved to be richer quantities of broth cultures were not able to 
in S-forms than the other. produce a lethal effect. No differences were 

Mucin. Mucin in scales manufactured by obser\'ed between B. melitensis and B. 
Burroughs Wellcome, London, was employed, abortus. 

weighed amount was thoroughly ground in We now e.xamined the lethal effect of dif- 
a mortar with glass sand, suspended in saline ferent strains of B. abortus giv'en under the 
to give the required concentration and auto- same conditions. The results of these e.xperi- 
claved. Concentrations of 5.0%, 7.5%, and ments are summarized in Table I. While 2 
10.0% were employed. of the strains, the local strain and the 

Experimental infections. White mice from “Abortus” 19 proved to be relatively aviru- 
the laboratory stock serv'ed as e.xperimental lent, both e.xhibiting their LD.-o at 0.35 cc, 
animals. The mice were 5 weeks old at the the Swiss strain proved to be more virulent 
time of the tests and averaged 20 g in weight, for mice, if injected along with mucin, having 
Preliminary experiments with 48-hour broth a LD.-h at 0.19 cc. 

cultures showed that 0. 1-0.5 cc of these cul- The mice which succumbed to the infection 
tures given intra-abdominally did not produce yielded pure cultures of the infective strains 
lethal infections, though after sacrificing the from their organs. Death generallv occurred 
animals 5 days after injection, pure cultures after 1-2 days, though with small doses such 
of Bruccllac could be obtained from most as 0.1 cc it sometimes occurred after 4-8 davs. 
organs. The spleens of these animals showed The shorter the period between the injection 
marked enlargement. Another group of am'- and death the less was the spleen enlarged 
mals now received varj-ing quantities of 48- The surviving animals of the different e.x- 
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found after other blocking agents at this 
hour.’^ 

The blocking capacity of Nembutal per sc, 
in single dose (30 mg/kg), can endure 
through most of 4 hours at least, since 2 pro- 
estrous rats injected at noon were “blocked.” 
The effect does not last much longer, however, 
for 2 proestrous rats injected at 10 A.M. 
ovulated during the following night. In con- 
trol experiments, 4 proestrous rats were in- 
jected intraperitoneally at 2 P.M. with 0.1 
ml of 20% propylene glycol in 10% alcohol. 
All ovulated overnight. 

The fact that Nembutal will prevent ovula- 
tion when administered at appropriate hours, 
furnishes additional strong evidence that 
neurogenic stimulation of the hypoph 3 'sis is 
essential for ovulatory discharge of LH. Post- 
ponement of hypophyseal stimulation for a 
full 24 hours following the brief action of 
Nembutal during the 2-4 P.M. interval, im- 
plies a 24-hour periodicity in some neural 
(presumably hypothalamic) center which 
constitutes a part of the LH-release apparatus 
in this species. Evidence of similar nature 
was obtained recently in a quite different ex- 
periment, based on the 24-hour advancement 
of ovulation time by progesterone in 5-day 
cyclic rats.^’"* 


It is theoretically possible to block ovula- 
tion day after day by treatment with bar- 
biturates at appropriate hours. We have, in 
fact, accomplished this in several cases (series 
II), but the question of precise timing on 
days following proestrus requires further 
analysis. Whenever we succeeded, the vaginal 
smears gave evidence of continued estrogen 
secretion and, therefore, of continued secre- 
tion of gonadotrophin at subovulatory level. 
This recalls the report of Westman^' that 
certain rats were in constant estrus during 2 1 
days of treatment with twice-daily sub- 
cutaneous l-methyl-5,5-ethylphenyl barbitur- 
ic acid. 

Summary. Brief action of Nembutal dur- 
ing certain critical hours on the day of pro- 
estrus delays the ovulatory discharge of 
hypophyseal gonadotrophin for 24 hours. 
This is evidence of a 24-hour periodicity in 
the neural mechanism which incites such 
discharge. 

3 Everett, J. W., Anat. Sec., 1940, 103, 448. 

4 Everett, J. W., and Sawyer, C. H., niipnb- 
lislicd. 

5 ■Westnian, A., Ada 3Icd. Scand., 1947, 128, 
Suppl. 19C, 111. 

Received June 14, 1949. P.S.E.B.31., 1949, 71, 


17304. Lethal Brucella Infections in White Mice Produced with the Aid of 
the Mucin Technic. 


T. Dishon and L. Olitzki. 

From Department of Bacteriology, School of Medicine, Bcbrcic University, .Tcrusalcm, Israel. 


Although the mucin technic has been em- 
ployed in order to lower resistance against 
many microorganisms, no attempts have 
hitherto been made to produce lethal infec- 
tions with Bruccllac by means of this technic. 
It was found that the experimental infections 
produced in mice without the use of the 
mucin technic are mild, following a retrogres- 
sive and chronic course, so that the mouse 
may be used as a reservoir for keeping these 
pathogenic organisms alive. Lethal infections 
of mice have so far not been reported.*’* The 


following experiments were undertaken in 
order to produce more acute or even lethal 
infections with the aid of the mucin metho . 
We expected that the fatal outcome of such 
infections would enable us to determine the 
virulence of Bruccllac, the immunizing power 


Lastig, A., and Vernoni, G., in Kotlc, Kraus, 
enhuth, BanAbuch dcr pathngenen Milroor- 
ismsn, 1928, 4, 311. 

Topley and TTilsoii ’s Principles of Immumtj, 
sed by G. S. Wilson and A. A. Miles, 3rd cdi- 
, London, E. Arnolds & Co., 1948, I, 828. 
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These findings have been confirmed with re- 
spect to pneumococcal and streptococcal in- 
fections by Knight and colleagues^-® and 
with respect to protection against Streptococ- 
cus lievwlyticus by Hobby.^^ On the other 
hand, in spite of in vitro potency, subtilin has 
been found ineffective against sj-philitic in- 
fections in rabbits’- and against M. tubercu- 
losis infections in hamsters’® and in mice 
Steenken and Wolinsky’® found subtilin with- 
out effect on tuberculosis infections in guinea 
pigs, whereas Salle and Jann’® have reported 
both positive and negative results with dif- 
ferent lots of subtilin. Farber, Eagle, An- 
derson, and Gorman’" found suggestive evi- 
dence of therapeutic activitj’’ from the topical 
application of subtilin on tuberculous laryn- 
geal lesions. 

The present work was undertaken to de- 
termine the absorption of subtilin and of 
methyl esters of subtilin’® when administered 
by various routes and to note any pharmaco- 
logical effects, as an indication of the value 
and the feasibility of more extensive clinical 
trials. The activity of these esters against 
M. tuberculosis in vitro is at least as high 
as that of subtilin.’® 

Methods. Thirt\’’-one rabbits were used in 
44 experiments. The animals used more than 
once had shown little or no absorption at the 
time of the original experiment and had not 

11 Hobby, G., personal communication. 

1- Eagle, II., Mussclman, A. D., and Plciscbman, 
E., J. Unci., 1948, 55, 347. 

I'l Anderson, II. H., and Wong, S. C., Tuber- 
culologn, 1940, 8, 77. 

11 Rake, G, IV., personal comniunicalion. 
i'- Steenken. IV., .Ir., and IVolinsky, E., J. Bad., 
1949, .57, 4.j,S. 

11 Salle, A. .1., and .lann, G. J., Pre.scntation .at 
tlic Second National Symposium on Recent Ad- 
vances in Antibiotics Research, Washington, D. C., 
Ajiril 11-12. 1949, under the auspices of the Anti- 
biotics Study Section of the National Institute of 
Health. 

I" Farber, S. M., Eagle, H. R., .Vnderson. H. H., 
and Gorman, R. D., .7. Lab. and Clin. Bed., 1948, 
!W, 799. 

li- Car.son. .1. F., .Tansen, E. F., and Lewis, J. C., 
>7. -Im, Cheni. Sni\, in press. 

w Chin. Y. C., Fed. Proc., 194S, 7, 211, and un- 
published data. 


been used for at least a month. Except for 
treatments by slow infusion or injection into 
the ligated colon, the animals were not anes- 
thetized. Anesthesia, when used, was wdth 
sodium pentobarbital. Initially, 40 mgAs 
intravenously was used, with 10 mg/kg sup- 
plements as needed to maintain a light anes- 
thesia. Intravenous injections of subtiUn 
were made into the marginal ear vein, subcu- 
taneous injections were divided between the 
two sides of the animal so as to insure a 
larger surface for absorption. Intramuscular 
injections were divided likendse and were 
made into the muscles of the thigh. 

The subtilin was in nearly all instances 
from one composited batch of highly potent 
material prepared by methods described else- 
where.’-® Although electrophoretic analysis, 
fractional dialysis and salt fractionation® in- 
dicated that our subtilin was homogeneous, 
investigations at the research laboratories of 
Merck & Co., Rahway, N. J., by countercur- 
rent distribution showed that our samples 
were probably about 90% pure. The methyl 
esters were prepared’® from another batch of 
equally pure subtilin. Two lots were nsed; 
the first (No, 17iME-242) contained 5.9 
equivalents of metho.xyl per lO’ g and was 
characterized by markedlj’’ enhanced bacter- 
istatic potency and 4-fold increase in solu- 
bility under physiological conditions. The 
second (No. 37ME-242) contained 11.9 equiv- 
alents of methoxyl per IG* g and was charac- 
terized by substantiallj' unchanged bacteri- 
static potency but 30-fold increase in solubilitj- 
under physiological conditions. For intra- 
v-enous administration, the solvent was S% 
glucose; when 10% subtilin solutions were 
used for administration by other routes, the 
subtilin was dissolved in distilled water. Blood 
samples for subtilin assay were obtained by 
cardiac puncture. Urine, when desired, was 
obtained by catheter with washing of the blad- 
der so as to assure complete collection. 

Subtilin and the methyl esters of subtilin 
were determined by the cup-plate method. 
The test organisms used previously®® for the 

J. C., Ilumplircvs, E. M,, Thompson, 
P. A., Dimick, K. P., Benedict, R. G., Langlykke, 
A. F., nnd Lightbody, H. D., Jrcb. Biochem., 1947, 
14 , 437. 
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periments were killed within a period ranging 
from the sixth to the SOth day after injection. 
The organs of the infected animals were cul- 
tured on agar plates as w'ell as in broth tubes. 
In many cases the agar cultures yielded nega- 
tive results, while after incubation of the 
broth cultures for 7 days positive results were 
obtained. The microorganisms isolated from 
these cultures were identified as Brucellae by 
agglutination with specific antisera. The fol- 
lowing organs were examined; heart, lungs, 
liver, spleen, kidneys and genital glands. 
Seventy-six mice which were dissected up to 
the 28th day after injection proved to harbor 
Brucellae in all or in several organs. Fifteen 
out of 20 mice which were dissected between 
the 30th and the SOth day after the onset of 
the infection proved to harbor Brucellae, 
while only S yielded sterile cultures. The 
organs of 145 mice were cultured after death 
took place or when the mice were sacrificed. 
The positive results obtained from the dif- 
ferent organs were as follows: Heart 131, 


lungs 126, liver 133, spleen 136, kidneys 136, 
genital organs 127. These figures 'grove that 
significant differences in the infection rate of 
the different organs do not exist, but only that 
foci of infection are equally distributed over 
the different organ systems of the infected 
animal. 

Summary. B. melileitsis and B. abortus 
did not produce lethal infections in mice even 
when 0.5 cc of broth cultures were injected 
intraabdominally. On the other hand lethal 
infections were produced if the broth cultures 
were administered together with O.S cc of a 
10% mucin suspension. The LDso for B. 
mclitensh was 0.2 cc, for 2 strains of B. 
abortus 0.35 cc, and for a third strain of B. 
abortus 0.2 cc. In most of the surviving 
animals chronic infections were noted, if the 
dissections were performed up to the SOth 
day after the onset of the infection. 

Beceived July 18, 1919. P.S.E.B.M., 1949, 71. 
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Subtilin,^'- an antibiotic active tn vitro 
against Gram-positive bacteria® and M. tu- 
berculosis^-^ has also been found active in 
vivo against the more sensitive pathogenic 

♦ Bureau of Agricultural and Industrial Chem- 
istry, Agricultural Eesearcli Administration, IT. S. 
Department of Agriculture. 

1 Garibaldi, J. A., and Feeney, B. E., Ind. Eng. 
Chem., 1949, 41, 432. 

2 Fevold, H. L., Dimiek, K. P., and Klose, A. A., 
Arch. Biochem., 1948, IS, 27. 

3 Salle, A. J., and Jann, G. J., Pkoc. Soc. Exp. 
Biol, akb JIbd., 1945, 60, 60. 

i Wong, S. C., Hambly, A. S., Jr., and Anderson, 
H. H., J. Lai). Clin. Med., 1947, 32, 837. 

0 Knight, V., Shultz, S., and DuBois, E., Proc. 
48th General Meeting Soc. Am. Bact., Minneapolis, 
Minn., May, 1948, p. 84. 

c Knight, V., and Tompsett, E., J. Clin. Invest., 
1948, 27, 544. 


bacteria. For example, Salle and Jann injec- 
ted subtilin intraperitoneally into mice in- 
fected with pneumococcus Tjpe III,‘ Strep- 
tococcus pyogenes,^ or Staphylococcus aureus^ 
and into guinea pigs subjected to e.xperimental 
anthrax infections.^® Prophylactic and thera- 
peutic effects, depending on the relations of 
infection and dosage times, were striking. 


Salle, A. J., and Jann, G. J., Proc. Soc. Exp. 
L. AN0 JlED., 1940, 62, 40. 

Salle, A. J., and Jann, G. .T., Proc. Soc. E.xp. 
L. AND Med., 1946, 63, 519. 

Salic A. J., Presentation at the Conference on 
ibiotic Besearch, Washington, D. C. January 
„d February 1, 1947, under the ausp.ocs of the 
ibiotics Study Section of the -National Instr- 
of Health. 

Salle, A. J., and Jann, G. .T., Pkoc. -.oC. 

. and aiED., 1946, OS, 41. 
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instance and 4 mg in another; however, ab- 
soqition was so slow that 6 ppm of subtilin was 
the maximum found in the blood. 

The preceding -e.xperiments have indicated 
that little subtilin gets into the blood stream 
unless it is placed there directly. In the 
case of a single injection, there is some danger 
and activity is short-lived. A slow, intra- 
venous infusion might give satisfactory blood 
levels without seriously embarrassing the 
animal. Three anesthetized rabbits were 
used, with infusion into the jugular or fem- 
oral veins of 0.25% subtilin in 5% glucose. 
One animal received 20 mgAg^hr for 2 hours, 
60 mg/kg/hr for 1 hour and 150 mg/kg/hr 
for 30 minutes until death. .At the end of 
the third hour the blood level was 450 ppm 
and 6% of the injected subtilin was found in 
the urine. No symptoms were obsetx'ed until 
sometime after the rate was raised to 60 mg, 
when tremors in the e.xtremities were seen. 
Death was apparently of cardiac origin. The 
second animal was given 20 mg/kg/hr for 4 
hours. No symptoms were noted, the animal 
appearing in good condition at the end of this 
time. The blood level had risen to 700 ppm. 

In these 2 rabbits, the blood was observed 
for agglutination. We had found previousl}' 
that there was an w vitro clumping of red cells 
at concentrations of subtilin lower than found 
in these two animals. No clumping was noted, 
indicating that in vivo actions differed from 
in vitro, or that agglutinated cells had been 
filtered out in the capillary systems of the 
body. 

The third rabbit receiving intravenous in- 
fusion was prepared for records of blood pres- 
sure and respiration. .Approximately 20 
mg/kg/hr for hours did not modify 
blood pressure, heart rate or respiratory rate. 
Raising the infusion rate to 70 mg/kg/hr 
caused a gradual fall in pulse pressure (as 
measured with a membrane manometer) and 
a gradual increase in respiratory rate. 

Chin-’’ has reported that the LD.-,o of intra- 
venously injected subtilin to mice is 100 
mg/kg. This is slightly higher than the 
approximately 70 mg/kg found by us in a 
small series of animals, but either value would 

■-'■1 Chill. Y. C., Veil. Vrot., 1047, «, 317. 


give a body concentration well above the 
minimum in vitro effective tuberculostatic 
dose. Death from intravenoush’" adminis- 
tered subtilin is presumably due to embolism 
since subtilin, which dissolves readily in w'ate'r, 
is onl3'- slightly soluble in physiological sa- 
line’® or serum.-’ The amount held in solu- 
tion varies somewhat with the manner of 
manipulation, being around 0.05 to 0.1 g/100 
cc under physiological conditions of tempera- 
ture and salt concentration. The intraperi- 
toneal LD.-,o wus some 2 to 3 times the intra- 
venous LD.-,o. Subcutaneous!}’, mice were able 
to tolerate more than 3 g/kg of purified sub- 
tilin without demonstrable symptoms.-^ The 
lack of subcutaneous toxicity is likewise ex- 
plained by the low solubility in body fluids, 
a deposit of precipitated material being formed 
at the site of injection. 

Subtilin methyl esters. The increased solu-^ 
bility of some of the methylated subtilin prep- 
arations, and the increased antibiotic activity 
of others’® led to the hope, that satisfactory 
blood levels could be obtained. Twelve 
animals were used. On 4 of them blood assays 
were not made. There were no untoward re- 
actions in these or any of the other rabbits 
receiving the esters. It was found that blood 
levels of the 8 other animals were slightly 
higher after intravenous, subcutaneous and 
intramuscular injection of the more soluble 
ester than the levels found after administration 
of unmodified subtilin. The levels (up to 2.4 
ppm after intramuscular administration) were 
not great enough to warrant further study. 
The ester wn'th increased activity was ab- 
sorbed so poorly that it had an unimportant 
antibiotic effect in the blood. 

Several lots of methyl esters of subtilin were 
tested for approximate intravenous toxicity in 
mice. The values obtained did not differ 
markedly from values for unchanged subUlin. 

Subtilin-pectin complex. Subtilin, when 
dissolved with 5 to 8 times its weight of pec- 
tin gives a product which is soluble in physio- 
logical saline to the e.xtent of 0.5% of sub- 
tilin. .After some time the complex begins to 

-4 Klose. .\. A., vnpubliiilicd d.tf.i. 

Wibon. Ji. n.. .T, C., .md Ilumphrcvs, 

K. Sr., /-Yd. Proc., 104S, 7, 2GC. 
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turfaidimetric assay of subtilin were much too 
insensitive by the cup-plate technic. This 
insensitivity proved particularly troublesome 
for the methyl esters of subtilin, which had 
much lower potencies than subtilin by cup- 
plate or agar-streak methods in contrast to 
their behavior in broth. The cause of this 
anomalous behavior is not known. A bacterium 
tentatively identified as Sarcina luteo. was used 
as the test organism for subtilin. The test 
medium was that previously used-® for the 
turbidimetric assay of subtilin with Mkrococ- 
cus conglomcratus. Incubation for 20 hours 
at 35° gave an approximately 20-mm zone 
of inhibition when a solution containing 1 
ppm of subtilin was placed in the cup. An 
unidentified Gram-negative diplococcus (C-7) 
isolated from chicken feces was chosen as 
the most sensitive organism available for the 
assay of methyl esters of subtilin. Two ppm 
of either ester gave an approximately 20-mm 
zone on nutrient agar containing 5% NaCl 
after 22 to 48 hours’ incubation at 3S'’C. 

In all assays the antibiotic under test was 
dissolved in an aliquot of whole citrated rab- 
bit blood to provide a standard response. Con- 
trol blood samples taken from animals never 
treated previously gave no inhibition of the 
test organisms. Citrated blood samples from 
treated animals and aqueous dilutions of this 
blood were pipetted directly into assay cups. 
Dilutions were not necessary for blood samples 
from animals treated with the subtilin esters. 
All assay results are expressed in terms of the 
weight of the particular type of subtilin under 
test, since the relative potencies of the three 
materials varied markedly with the experi- 
mental conditions. 

Results. SubtUiu. Intravenous injection 
gave a satisfactory blood level, but the level 
was transitory and the procedure was accom- 
panied by some danger. In a single e.xperi- 
ment, 50 mg/kg caused death in 2 minutes, 
and 10 mg/kg did likewise in I of 5 trials. 
The concentration of subtilin in the blood of 
the other 4 animals was 100-200 ppm 5 
minutes after the injection, falling to, 10-30 
ppm in 2 hours and to zero in 24 hours. Up 
to 7% of the injected subtilin was found in the 
2-hour urine. 

Subcutaneous and intramuscular injection of 


100 mg/kg can be considered together. Blood 
levels ranging from a trace up to 1.4 ppm 
were found. A persistent lump was present at 
the injection site after subcutaneous injec- 
tions, and a sterile abscess was present in 
muscles 2 months after subtilin administra- 
tion. There was no antibiotic activity in an 
extract of this abscess, although an assay of 
a comparable muscle site 24 hours after in- 
jection indicated that the granular material 
still had considerable activity. 

Intraperitoneal injection of 10 to 100 
mg/kg led to blood levels of 0 to 1 ppm of 
subtilin. After 10 mg/kg there was no 
visible precipitate in the abdomen, but 50 
nigAg 'vas sufficient to produce such a 
deposit. 

Treatment of subtilin bj' crystalline pepsin 
or trypsin reduces its antibiotic activity.-''-- 
This fact, along Muth the known low solubility 
of subtilin in body fluids, would suggest that 
administration by mouth would be ineffective. 
Nevertheless, 1 g/kg was given to one rabbit 
per os. The highest blood level noted was 
0.1 ppm. After 5 hours, of the 4 grams 
originally given, only 2 }ig were found in the 
urine, 15 mg in the intestine, and 0.5 g in 
the stomach. Two anesthetized animals were 
given 100 mg of subtilin/kg per rectum, with 
ligation of the gut near the anus to prev'ent 
loss. The solution was 1% of subtilin in 
water, and the volume was great enough to 
spread throughout the colon. From 2 to 4 
ppm of subtilin were found in the blood 
stream, and autopsy 2 hours after administra- 
tion showed subtilin deposits in the colon. 

It is conceivable that a slow subcutaneous 
infusion of a dilute solution would allow the 
subtilin to be absorbed rather than precipi- 
tated. Concentrations of O.OS to 0.5% in 5% 
glucose were infused in 3 unanesthetized 
animals under the skin of the back at rates of 
1.7 to 27 mgAg/hr for 6 hr. The volume of 
solution was appro.ximately 5 ccAg/hr-_ Som® 
absorption did occur, as 27 mg of subtilin was 
found in the 24-hour urine sample in one 


Acm., 1917. IS. ‘i73- T r 
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instance and 4 mg in another; however, ab- 
sorption ivas so slow that 6 ppm of subtilin ivas 
the maximum found in the blood. 

The preceding e-xperiments have indicated 
that little subtilin gets into the blood stream 
unless it is placed there directly. In the 
case of a single injection, there is some danger 
and activit}’- is short-lived. A slow, intra- 
venous infusion might give satisfactory blood 
levels without seriouslj' embarrassing the 
animal. Three anesthetized rabbits were 
used, with infusion into the jugular or fem- 
oral veins of 0.25% subtilin in 5% glucose. 
One animal received 20 mg/kg/hr for 2 hours, 
60 mg/kg/hr for 1 hour and 150 mg/kg/h*" 
for 30 minutes until death. .4t the end of 
the third hour the blood level was 450 ppm 
and 6% of the injected subtilin was found in 
the urine. No symptoms were observed until 
sometime after the rate was raised to 60 mg, 
when tremors in the extremities were seen. 
Death was apparently of cardiac origin. The 
second animal was given 20 mg/kg/hr for 4 
hours. No symptoms ivere noted, the animal 
appearing in good condition at the end of this 
time. The blood level' had risen to 700 ppm. 

In these 2 rabbits, the blood ivas observed 
for agglutination. We had found previously 
that there was an in vitro clumping of red cells 
at concentrations of subtilin lower than found 
in these two animals. No clumping was noted, 
indicating that in vivo actions differed from 
in vitro, or that agglutinated cells had been 
filtered out in the capillary systems of the 
body. 

The third rabbit receiving intravenous in- 
fusion was prepared for records of blood pres- 
sure and respiration. .Approximately 20 
mg/kg/hr for 1J4 hours id not modify 
blood pressure, heart rate or respirator}’’ rate. 
Raising the infusion rate to 70 mg/kg/hr 
caused a gradual fall in pulse pressure (as 
measured with a membrane manometer) and 
a gradual increase in respiratory rate. 

Chin--"' has reported that the LD.-,o of intra- 
venously injected subtilin to mice is 100 
mg/kg. This is slightly higher than the 
approximately 70 mg/kg found by us in a 
small series of animals, but either value would 


give a body concentration well above the 
minimum in vitro effective tuberculostatic 
dose. Death from intravenousl}’- adminis- 
tered subtilin is presumably due to embolism 
since subtilin, which dissolves readily in w'ater, 
is onl}'^ slightly soluble in physiological sa- 
line*® or serum.-* The amount held in 'solu- 
tion varies somewhat with the manner of 
manipulation, being around 0.05 to 0.1 g/100 
cc under physiological conditions of tempera- 
ture and salt concentration. The intraperi- 
toneal LD^o 'vas some 2 to 3 times the intra- 
venous LD.-.o. Subcutaneously, mice ivere able 
to tolerate more than 3 g/kg of purified sub- 
tilin without demonstrable symptoms.-^ The 
lack of subcutaneous toxicity is likewise ex- 
plained by the lo'w solubility in body fluids, 
a deposit of precipitated material being formed 
at the site of injection. 

Subtilin methyl esters. The increased solu- 
bility of some of the methylated subtilin prep- 
arations, and the increased antibiotic activity 
of others*® led to the hope, that satisfactory 
blood levels could be obtained. Twelve 
animals were used. On 4 of them blood assays 
ivere not made. There ivere no untoward re- 
actions in these or any of the other rabbits 
receiving the esters. It was found that blood 
levels of the 8 other animals were slightly 
higher after intravenous, subcutaneous and 
intramuscular injection of the more soluble 
ester than the levels found after administration 
of unmodified subtilin. The levels (up to 2.4 
ppm after intramuscular administration) were 
not great enough to warrant further study. 
The ester with increased activity w'as ab- 
sorbed so poorly that it had an unimportant 
antibiotic effect in the blood. 

Several lots of methyl esters of subtilin ivere 
tested for approximate intravenous toxicity in 
mice. The values obtained did not differ 
marked!}’' from values for unchanged subtilin. 

Subtilin-pcctin complex. Subtilin, when 
dissolved with 5 to 8 times its weight of pec- 
tin gives a product which is soluble in physio- 
logical saline to the e.xtent of 0.5% of sub- 
tilin. .After some time the complex begins to 

Kio5C. A. A., uiipublislicd d.nt.i. 

-'•Mitson, R. II,, Lewis, J. C., and Humphrevs, 
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break down and subtilin comes out of solu- 
tion. Dr. Harry S. Owens of this laboratory 
prepared such a complex for us. It was given 
intravenously 3 times, intramuscularly and 
subcutaneously once each. After intravenous 
injection it disappeared from the blood as 
rapidly as did unmodified subtilin, and it was 
as poorly absorbed when given by the other 
routes. Since it offered no advantages over 
subtilin and, because of its great viscosity, 
was very difficult to inject or else required 
considerable dilution, it was not considered 
further. 

Pectin-treated subtilin. At a recent S}mi- 
posium, Salle and Jann*® stated that a de- 
scribed treatment of subtilin eliminated ab- 
scess formation and that subcutaneously in- 
jected material so treated was effective against 
tuberculosis in guinea pigs. The treatment 
consisted in dissolving 1.5 g of subtilin in 
SO ml of 10% urea solution and mixing %vith 
an equal volume of 0.1 g of pectin in distilled 
water. After standing overnight, the super- 
natant liquid was used for injection. Follow- 
ing this report, we prepared a subtilin solution 
in the described manner and injected it sub- 


as described by Salle and Jann; (2) 1.5 ml 
of.l.S% subtilin No. 317 in 5% glucose; (3) 
the same weight (22 mg) of subtilin in a 
10% solution; (4) the same volume (1.5 ml) 
of subtilin in a 10% solution. A large, hard, 
subcutaneous lump was formed in all 3 animals 
by solution 4. Solution 3 caused a prompt 
development of small lumps in 2 animals, 
and solutions 1 and 2 produced more slowly 
developing lumps in 1 and 2 animals, respec- 
tively. These results indicate that the pro- 
posed treatment does not modify the absorp- 
tion of subtilin nor its tendency to produce 
abscesses. The decreased reaction was due to 
the dilution of the material. Since approxi- 
mately 1/3 of the subtilin was precipitated by 
the pectin (as estimated by sulphur balance) 
the concentration of subtilin in the solution 
prepared according to the method of Salle 
and Jann was actually about 1%. 

Discussion. Consideration of the foregoing 
results indicates that high systemic levels of 
subtilin are not obtained readily in the rabbit. 
The amount absorbed after administration in 
a variety of ways would not produce bacteri- 
cidal or even bacteristatic levels in the blood 


cutaneously into 2 rabbits. The dosage was 
100 mg/kg, assuming that none of the sub- 
tilin was lost during the manipulations. As- 
says of periodic blood samples showed blood 
concentrations similar to those reported earlier 
in this paper. 

The question of abscess formation was 
studied on mice and guinea pigs. We felt that 
lack of abscesses might be due to simple dilu- 
tion. Four groups of mice were used, 6 
animals to a group. Each mouse received 1 ml 
of solution under the skin of the back, as 
follows: (1) 1.5% subtilin. Lot No. 317, in 
5% glucose, (2) 5% subtilin No. 317; (3) 
the solution prepared as described by Salle 
and Jann, using subtilin No. 317; (4) a 5% 
solution of subtilin recovered from (3) by 
precipitation with 10% NaCl.^ All animals 
in groups 2 and 4 and a majority in groups I 
and 3 showed abscess formation, the abscesses 
being smaller and less apt to ulcerate with the 
more dilute solutions. 

Three guinea pigs were used, each animal 
receiving subcutaneously the following 4 so- 
lutions: (1) 1.5 ml of the solution prepared 


stream, except possibly for very sensitive 
Gram-positive organisms. Furthermore, in- 
jection under the skin or into muscle is fol- 
lowed by a lasting deposit which is gradually 
transformed into an abscess. The poor ab- 
sorption and the local deposition of precipi- 
tated subtilin are caused by the low solubility 
of subtilin in physiological fluids. It is pos- 
sible to obtain substantial blood levels in the 
rabbit only by intravenous administration. If 
this is done by single injection there is some 
danger, due again to low solubility causing 
precipitation in the blood stream, and furth- 
ermore, the blood levels are not maintained. 
The one method of administration uhich, 
within the limits of the above experiments, 
would give a satisfactory blood level with no 
ill effects to the animal is a slow intravenous 


fusion. , , 

It is conceivable that results reported here 
)uld differ with other species. In the intro- 
ction it w'as noted that certain infections 
mice and guinea pigs could be controlled, 
d we find mice may be killed by 
leal injections of subtilin. However, the 
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difference is probably onl}' one of degree. In 
the mouse, as in the rabbit, a subcutaneous 
deposit is formed, and in the former animal 
an abscess is formed at the site of injection. 
Since the lack of absorption and the manifes- 
tations of to.^iciU' are dependent on the physi- 
cal properties of subtilin in phj'siological 
fluids, it seems unlikel}' that a species diSer- 
ence would be marked. 

Such modifications of subtilin as have been 
tried to date have not greatly modified the 
ph}’sioIogical absorption or bacteristatic level, 
even though the products have had somewhat 
greater in vitro antibiotic activity or greatly 
increased solubility under physiological con- 
ditions. 

.\lthough the results in this paper indicate 
that high sj'stemic levels of subtilin are not 
practical, it is quite possible that subtilin 
would be beneficial when topical application 
is indicated. We have obsen'ed no reactions 
which would contraindicate- local application. 

Conclusions. The antibiotic, subtilin, has 
been administered to rabbits in a variety of 
ways, with analyses of blood to determine ab- 
sorption. The bioassay procedures are de- 


scribed. 

Because of precipitation in physiological 
fluids, injection into subcutaneous tissue, 
muscle or peritoneal cavit}', is an ineffective 
way of reaching bacteristatic levels of sub- 
tilin in the blood stream. Administration by 
mouth or per rectum is likewise unsatisfactory. 

A single injection intravenous^ is accom- 
panied by some danger and gives a blood level 
of subtilin which is not maintained. A satis- 
factorj' level can be maintained, at least for 
4 hours, by slow intravenous infusion, without 
apparent harm to the animal. 

A subtilin-pectin complex, which tempor- 
arih' allows more subtilin to be soluble in 
ph\-siological saline, a meth}'! ester of subtilin 
which is likewise more soluble and which pos- 
sesses greater antibiotic activity, and a second 
methyl ester which is much more soluble, are 
all absorbed in amounts similar to that of 
unmodified subtilin. 

No obser\’ations were made which would 
contraindicate the topical application of sub- 
tilin. 

Received June 27, 1949. P.S.E.B.M., 1949, 71. 


17306. The Antidiuretic Action of Relaxin-Containing Preparations.* 
M. X. Zarroiv. (Introduced by Frederick L. Hisaw.) 

From Hie Biological Lahoratorics, Harvard University, Cambridge, Hass. 


The phenomenon of water retention in the 
female during pregnanev’ has received a great 
deal of attention from many investigators. 
It has been known for some time that both 
an extract of the posterior pituitary and des- 
oxvxorticosterone acetate have antidiuretic 
action. In addition, Thorn, Nelson, and 
Thorn^ have shown that the sex steroids can 
also produce water retention in the dog. 

* This invcstig.ifion -w.-is supported in part by 
a rescarcli grant from the Dirision of Research 
Grants and Fellorvsiiips of tlie National Institute 
of Iloaltii, 1*. S. Public Health Service, to Pro- 
fessor Frederick E. Hisaw. 

r Thorn, G. W ., Nelson, K. R., and Thorn, H. W., 
Endoerinoi., 193S. — , lo.j. 


Nevertheless a suitable e.xplanation for the 
shift in water balance during pregnancy is. 
still lacking. In the present report data are 
presented to show that extracts from the 
ovaries of pregnant sows and blood serum of 
pregnant rabbits, prepared for relaxative ac- 
tivity on the s\-mphysis pubis of the guinea 
pig, possess an antidiuretic action in the 
rabbit. 

Several different extracts of relaxin were 
used in these experiments. Preparation J-46 
was prepared from unselected ovariest of the 
sow according to the method of Albert, 

f Hnsclccfcd ov.orics were obt.iincd from both 
pregnant .and non-pregnant sows. 
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Money, and Zarrow- and showed an activity 
of 30 guinea pig units (G.P.U.) per mg dry 
weight in the sjTnph}fseal relaxation test 
(Abramowitz et al.)? Two extracts, PS-l^ 
and OR-245 were prepared from the ovaries 
of pregnant sows. Pregnant rabbit serum 
was obtained from rabbits between the 2Sth 
and 28th days of pregnancy, and concentrated 
with alcohol and acetone (Albert and 
Money)."* In addition, control extracts were 
prepared from beef heart and blood serum of 
male rabbits. Extensive tests on the relaxin 
preparation J-46 showed that it contained no 
estrogenic or progestational activity. 

All tests for antidiuretic action were car- 
ried out in adult female rabbits of the New 
Zealand strain weighing from 4.0 to 5.5 kg. 
The rabbits were placed in a metabolism cage 
and food and water supplied ad libiHtm. In 
addition the animals received lettuce thrice 
weekly. Prior to the test, 24 hour values were 
obtained for the urine output and water in- 
take for about 2 weeks. Only those rabbits 
were used that showed a fairly constant output 
of urine during this period. Injections of the 
test substances were given subcutaneously 3 
times a day for 3 days. The antidiuresis oc- 
curred usually within 24 hours after the in- 
jections were started and definitely by 48 
hours and the response was considered posi- 
tive if the urine output was decreased by 
50% or more and maintained at this level 
ior at least the duration of the treatment. 

A sample of the data obtained may be seen 
in Fig. 1 to 4. It will be noted that the in- 
jection of either 10 ml of saline thrice daily 
for 3 days or a beef heart extract had no effect 
on the urine output. However, the injection 
of relaxin (J-46) at a dose level of 1000 

S Albert, A., Moncj, W. L., and Zarroiv, M. X., 
Endocrinol., 1947, 40, 370. 

a Abramowitz, A. A., Money, W. L-, Zarrow, 
M. X., Talmage, E. V. X., Kleinholz, L. H., and 
Hisaw, E. L., Endocrinol, 1944, S4, 103. 

t Obtained tbrougb the courtesy of Dr. Edward 
H. Fricdcn, Biological Laboratories, Harvard Uni- 
versity. 

§ Obtained tbrougb the courtesy of Dr. Sobert 
L. Kroe, Maltine Company, Morris Plains, N. J. 

4 Albert, A., and Jloney, W. L., Endocrinol, 
1946, 38, 56. 



Twenty -four hour volume of urine in ml plotted 
against days. Arrows represent days of injection. 

PiQ. 1. Lack of ciTect on urine output after 
treatment with 10 ml of saline injected 3 times 
daily for 3 days. 

Fig. 2. Lack of effect of 20 nig equivalent of 
beef heart e.vtract injected 3 times daily for 3 
days. 

Fjo. 3. Marked antidiuretic response obt-iined 
with 1000 G.P.U. of relaxin (J-46) injected 3 
times daily for 3 days. 

Fjg. 4. Antidiuretic response obtained vritb 250 
G.P.U. of relaxin (J-46) injected 3 times daily for 
3 days. 


i.P.U, 3 times daily decreased the urine out- 
ut from 180 ml to approximately 27 ml. 
he same type of response was also obtained 
ith 250 G.P.U. of relaxin injected in the 
ime manner. However, 100 G.P.U. of re- 
xin gave no effect. 

Thus far we have examined a number of 
reparations for antidiuretic action and have 
lund that relaxin obtained from the ovaries 
^ pregnant sows, nonselected ovaries'* and 
■eunant rabbit serum possesses the ability 

cause urine retention (Table I). In addi- 
an to the controls mentioned above the m- 
ction of blood serum from male rabbits also 
ve ne'^ative results. The minimum effective 
,se of relaxin for the antidiuretic effect was 
;0 GP.U. for our preparations and SO 
PU. for the Maltine extract. This dis- 
epancy may be explained by the fact that 
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TABLE I. 

Antidiurctic Effect of Hclaxin Preparations in the Babbit. 


Rela.xin 

Dose in G.P.U.* 

Source of relaxin 

No, of tests 

Response 

J-4G 

3000 

Ovaries of sows 

3 

Positive 

17 

1000 

yy yy yy 

4 

J y 

yy 

500 

yy yy yy 

4 

y y 

y » 

250 

yy yy yy 

4 

1 y 

j 1 

100 

yy yy yy 

2 

Negative 

PS-1 

500 

Ovaries of pregnant sows 

1 

Positive 

OR-24 

1000 

Ovaries of pregn.ant sows 

1 

Positive 

y 1 

500 

J J yy yy yy 

1 

y y 

y y 

250 

yy yy yy yy 

1 

11 

y y 

100 

yy yy yy yy 

1 

yy 

yy 

50 

yy yy yy yy 

2 

y 1 

y y 

25 

yy yy yy yy 

1 

Negative 

PE-l 

500 

Blood of pregnant rabbits 

1 

Positive 

Control 

10 ml 

Saline 

3 

Negative 

J > 

1 ml 

yy 

1 

y y 

yy 

2 ml 

yy 

2 

f y 

yy 

20 mg 

Beef heart 

o 

y f 

1 y 

SO ml t 

Blood of male rabbits 

2 

y y 


* Eepresents tlio indiridual dose tliat was injected 3 times daily for 3 days, 
t The equivalent of 50 ml of blood was injected 3 times daily. 


the JIaltine unit appears to be approximately 
4 times greater than our unit. Thus it would 
seem that the antidiuretic activity parallels 
the relaxin activity in extracts prepared in 
two different laboratories. Furthermore, the 
presence of the antidiuretic activity in relaxin 
preparations obtained from such diverse 
sources as the ovarj<- of the sow and the blood 
of pregnant rabbits appears to be highh’^ sig- 
nificant. While the evidence is as yet insuf- 
ficient, there is this striking correlation be- 
tween the content of relaxin in the prepara- 
tion and the ability to induce water retention. 
It may also be pointed out that this new anti- 
diuretic factor is not identical m'th the 
posterior pituitary hormone. Donaldson'* has 
shown that the latter is diah* 2 able whereas 
relaxin and the antidiuretic factor are non- 
dialyzable.^ The probabilitj- that rela.xin is 
responsible for water retention is also sup- 
ported by the fact that the blood serum of 
pregnant rabbits produces both relaxation of 
the symphysis pubis and water retention 

■■> Donaldson, W., J. Clin. Inrcst., 1947, 20, 1023. 


whereas the blood serum of male rabbits is 
without these effects. 

The possible identity of the antidiuretic 
action with relaxin and the fact that the latter 
substance is found primarily in high concen- 
trations during pregnancy,®"® leads to specula- 
tion as to whether rela.xin may be concerned 
with the shift in water balance during gesta- 
tion. 

Summary. Relaxin containing extracts of 
the ovaries of pregnant sows and of the blood 
of pregnant rabbits possess an antidiuretic 
action in the rabbit. Some evidence is pre- 
sented to indicate that the antidiuretic ac- 
tivity parallels the relaxin activity of the 
preparations used in the present study. 

« jrarder, S. N., .and Money, W. L., Endocrinol., 
1944, 34, 115. 

• Zarrow, M. X., Pkoc. Soc. E.xp. Biol, akd 
Med., 1947, CO, 4SS. 

silipaw, F. L., and Zarrow, M. X., Pnoc. .Soc. 
Exp. Biol. ,\xt) Med., 194S, 09, 395. 

Bcceived July 5, 1949. P.S.E.B.M., 1949, 71 . 
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17307. A Chemical Method for the Detection of Virus Infection of the 
Chick Embryo. 


Edwin D. Kilbourne ae 

From Vie Hospital of Xhe Rockefeller Ins, 

Chemical or physical differences in the 
allantoic fluid of normal and virus-infected 
chick embryos have been emphasized by few 
investigators. McLean et al} mentioned dif- 
ferences in the pH of normal and influenza 
virus-infected allantoic fluids, Parodi and his 
collaborators- reported a slower decline in 
pH and an increase in volume of the allantoic 
fluid from embryos infected with influenza 
virus. In studies with their common cold 
virus (MR-I) Atlas and Hottle^ noted high 
absorption peaks with dialyzed infected allan- ' 
toic fluid which were attributed to protein. 
Such peaks were sometimes observed with 
normal fluid. In view of such observations, 
it appeared possible that there might be suf- 
ficient chemical difference in virus-infected 
and normal allantoic fluid to permit the de- 
velopment of a chemical test for virus infec- 
tion of the chick embryo. 

Early in the course of a systematic inves- 
tigation of the properties of infected and 
normal allantoic fluid, it was discovered that 
allantoic fluid from embryos infected with in- 
fluenza virus contained appreciably greater 
quantities of protein. Accordingly, a simple 
quantitative method for the determination of 
protein in allantoic fluid was devised and 
subsequenty utilized in studies of infection 
of the allantoic sac with various viruses. 

Materials and methods. Allantoic fluid. 
Allantoic fluids used in turbidity determina- 
tions were carefully harvested from 10-12- 
day-old White Leghorn embryos previously 
chilled for 12-18 hours at 4'’C. Grossly 
bloody fluids and those inadvertently contam- 
inated by yolk were discarded. Groups of 
5-6 embryos were employed. 

1 McLean, I. W., Jr., Cooper, 6. K., Taylor, 

A. R., Beard, D., and Beard, J. W., Pboc. Soc. 
Exp. Biol, akd Med., 1945, 50, 192. 

eP.arodi, A. S., Lajmanovicli, S., Pennimpedc, 

F., and Mittelman, N., J. Immunol, 1948, 58, 109. 

3 Atlas, L., and Hottle, G., Science, 1948, 108, 
743. 


D Frank L. Horsfall, Jr. 

itute for Medical Research, Hew Fork City. 

Viruses. The PR8 and Lee strains of in- 
fluenza virus and a strain of Newcastle dis- 
ease virus adapted to the allantoic sac by 
serial passage were used. The Habel strain 
of mumps virus, adapted in this laboratory 
to the allantoic sac, was also utilized. Semliki 
Forest virus (SFV) in the form of desiccated 
mouse brain (110th passage) was obtained 
through the courtesy of Dr. K. C. Smithburn, 
who had demonstrated'* rapid multiplication 
of the virus in the chick embryo. This mouse 
brain suspension killed embryos within 24-36 
hours when injected into the allantoic sac. 
Subsequent passages were made with allan- 
toic fluid. 

Control materials. Allantoic fluids, herein- 
after referred to as normal, were obtained 
from embryos inoculated with normal or 
heated (65°C for 30 minutes) allantoic fluid 
diluted 1:10 to 1:1,000 in 0.85% sodium 
chloride solution buffered to pH 7.2 with 
phosphate. The same diluent was used for 
virus inocula. 

Turbidity determination. One cc of 10% 
trichloracetic acid is added to 1 cc of allantoic 
fluid in a soft glass test tube measuring 100 
X 10 mm. Reagents are measured with or- 
dinary serologic pipettes. Two to S minutes 
after the addition of acid, turbidit)^ readings 
are determined in a Klett-Summerson colori- 
meter. An adapter for the small test tube 
and a blue filter (peak transmittance, 420 
mfi) are employed. Mixing of reagents is 
accomplished by inversion of the colorimeter 
tube. A blank of 10% trichloracetic acid is 
used for preliminary setting of the zero read- 
ing of the colorimeter. In the instrument 
used in this study a 0.03% suspension of 
barium sulfate gives a reading of 70. Tur- 
bidity is expressed directly in the units com- 
prising the scale of the colorimeter, these 
units being directly proportional to_ optical 
density. Fifteen serial determinations of _ 

C., J. 52, 
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Protein concentration (mg, per cent) 
Pia. 1. 

Relation between turbidity and protein concen- 
tration in allantoic fluid. Turbidity -rras produced 
with 10% trichloracetic acid. Protein No was 
determined by miero-Kjeldahl. 

turbidit}^ using the same allantoic fluid pool, 
showed an e.xperimental error of di 2.8^ for 
the procedure as described above. 

Experimental. Studies of dialyzed allan- 
toic fluids ret'ealed a substance predpitable 
by lO'^c trichloracetic acid to be present in 
both normal and influenza virus-infected 
fluids and greatly increased in infected fluids. 
Similarly, micro-Kjeldahl determinations of 
total nitrogen demonstrated a higher concen- 
tration of nitrogen in fluid from infected 
embrjms. The linear relation of the turbiditj' 
with trichloracetic acid and protein concen- 
tration of both normal and infected allantoic 
fluids mat' be seen in Fig. 1 in which the 
turbidities of vartdng dilutions of concen- 
trated dialyzed allantoic fluids are plotted 
against the protein concentrations of the 
fluids as determined by the micro-Kjeldahl 
method. This relationship was found to hold 
with concentrations up to 500 turbidity units. 
However, specimens giving readings above 
300 were diluted and re-examined because of 


difficulties experienced in obtained accurate 
scale readings in the higher range, A similar 
straight line relationship between serum pro- 
tein concentration and turbidity produced by 
trichloracetic acid has been established within 
certain limits of concentration by Chow et al.^ 

Further study of the acid-precipitable sub- 
stance in allantoic fluid has indicated its 
protein nature. Dial 3 'sis in cellophane against 
0.85% saline did not reduce the concentra- 
tion of the substance. The characteristic 
biuret, xanthoproteic, and ninhydrin color re- 
actions were given by dialj'zed allantoic fluids. 
Precipitates were formed in dialj'zed and non- 
dialyzed fluids by the addition of 95% ethjd 
alcohol or ammonium sulfate. The antigen- 
icity of the substance, which is discussed 
below, is further evidence for its protein 
nature. 

Fractionation of dialj'zed allantoic fluids 
by half and full saturation with ammonium 
sulfate was performed. The protein concen- 
tration of these fractions was then deter- 
mined by micro-Kjeldahl analj'sis after re- 
dialysis against saline. The albumin-globulin 
ratios in normal and infected fluids did not 



Fig. 2. 

Frequency distribution of turbidity v.nlues with 
normal and Lee virus infected allantoic fluids, 

= Oiow, B. F., Hall, L., Duffy, B. J., and Alper, 
C., .7. Lab. and CUn. lied., 194S, 33, 1440. 
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TABliB I. 

Increase in Allautoie Fluid Protein ■'vitli Various Viruses. 


Virus 

10-3 dilution 
inoculated 


Lee 

SBV* 

NDV 

PBS 

JIV 


Control 


Time after 

inoculation, No. of 

da 3 ’s eggs 


2 ^ 

41 

1-154 

17 

2 

20 

o 

12 

4-5 

12 

o 

100 

4-0 

10 


Allantoic fluid 

turbidity! 



Mean 

Baiigo 

118-540 

310 

40-300 

11.0 

52-200 

104 

30-152 

87 

56-100 

84 

8-75 

29 

21-50 

33 


* 10-1 to 10-3 dilutions used, 
i TurOiditj- developed -with 10% tricliloracotic acid. 


differ materially, being 7.3/1 in normal and 
8/1 in infected fluids. The addition of tri- 
chloracetic acid to fractions obtained by 
ammonium sulfate precipitation produced tur- 
bidity equivalent to the protein nitrogen con- 
centration. Ultraviolet absorption curves ob- 
tained with the Beckman spectrophotometer 
disclosed minima of 252 and 290 mp. and 
maxima of 265 m/r with both dialyzed 
normal and infected fluids of equal protein 
concentration (40 mg %). Absorption in this 
range is characteristic of proteins. 

Electrophoretic studies* were made of di- 
alyzed normal and infected allantoic fluids. 
Normal fluid was concentrated 23-foId, and 
infected fluid 9-fold, resulting in protein con- 
centrations of 37S and 300 rag respec- 
tively. These concentrations proved insuf- 
ficient for accurate analysis of mobilities or 
sharp delineations of peaks; however, the 
rate of boundarj' migration and the degree 
of boundary spreading were consistent with 
what w’ould be expected with protein solutions 
containing several components. With both 
normal and infected fluids at least 3 peaks 
were clearly discernible. 

Comparison of normal and infected allan- 
toic fluid protein concentrations. Studies of 
uninfected embryos demonstrated low con- 
centrations of protein in the allantoic fluid 
as measured by turbidity produced with tri- 
chloracetic acid. In embryos of 10-12 days 
of age turbidity values varied from S to 75, 

* Electrophoretic analysis was kindly carried out 
hy Dr. Oertrude E. Perlmann, The Kockefeller 
Institute, New York City. 


representing protein concentrations of 2.4 to 
23 mg % with an average value of 8.7 mg %. 
The frequency distribution of turbidity read- 
ings of allantoic fluids from 100 normal em- 
bryos is charted in Fig. 2 and compared with 
the range of turbidity fi.e. protein concen- 
tration) found in fluids from 41 embryos in- 
fected with the Lee strain of influenza virus. 
Turbiditjr readings of the infected allantoic 
fluids ranged from 118 to 540 {c.f. Table 1), 
indicating concentrations of 35.4 to 162 mg 
% of protein. 

Lee-infected allantoic fluid was subjected 
to differential centrifugation to determine to 
what extent sedimentable substances contrib- 
uted to turbidity produced with trichloracetic 
acid. Low' speed centrifugation (3,000 r.p.ni. 
for 10 minutes) caused a reduction in 
the turbidity observed initially, suggesting 
the presence of considerable cellular material. 
Total cell counts disclosed an average of 560 
cells/cu mm in Lee-infected allantoic fluid 
contrasted with an average of 93 cells/cu mm 
in normal fluid. Further centrifugation at 
37,900 g for 30 minutes resulted in a further 
reduction of the turbidity produced with acid 
amounting to 8% of the turbidity' originally 
present. Thus, Lee virus, itself, contributes 
little, if any, to the turbidity of infected 
allantoic fluid, as this amount of centrifuga- 
tion leaves less than 1% of the virus in the 

supernate. ■ ^ -j 

Source of protein in infected allantoic fluta. 

It appeared likely that the increased protein 
in the allantoic fluid of virus-infected embryos 
was attributable to host reaction and perhap.« 
to destruction of host tissue, especially m 
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Houpb aftep inoculation 
Fio. 3. 

Temporal relation between increase in turbidity 
and Leo virus concentration in allantoic fluid. 

vien- of the increased number of cells in in- 
fected fluid. Evidence cited above demon- 
strated that the \drus itself did not contribute 
to the turbidity produced with acid, and fur- 
ther studies have shown no direct relation 
between virus and protein concentrations. 
Moreover, e.vperiments mth Lee virus demon- 
strated a difference in the rate of virus multi- 
plication and the increase in allantoic fluid 
turbidity as is shown graphicallj- in Fig. 3. 
Corroboration of this difference was obtained 
in e.vperiments in which the time required to 
reach ma.\'imal virus concentration was varied 
by the use of inocula of differing dilutions of 
virus. The results are presented in Table II. 

The protein of infected allantoic fluid did 
not differ immunologicalh' from the protein 
normally present in allantoic fluid. Sera from 
rabbits injected intravenously with dialyzed 
infected or normal allantoic fluid contained 
antibodies capable of forming precipitates 
with concentrated allantoic fluid from either 
infected or normal embrv’os. These antibodies 
were absorbed from either antiserum by 
normal or infected allantoic fluid antigen, as 
well as by a suspension of normal chorio- 
allantoic membrane (C..-\.M.). These data 
are summarized in Table III. 


Viruses luhtch cause an increase in allantoic 
fluid protein. The Lee and PR8 strains of 
influenza vdrus, Semliki Forest virus, New- 
castle disease virus, and mumps virus con- 
sistently caused an increase in allantoic fluid 
protein during the course of infection of the 
allantoic sac. A correlation may be drawn 
between the toxicity of the viruses studied 
and the degree of protein increase. Lee and 
Newcastle disease viruses, which killed em- 
brjms after 48 hours, and Semliki Forest 
virus, which killed even sooner, caused sig- 
nificantly more turbiditj^ in allantoic fluid 
than did the considerabh' less toxic PR8 and 
mumps strains, as is shown in Table I. 

Nonviral causes oj protein increase in 
allantoic fluid. The production of the tur- 
bidity reaction by 5 different viruses is evi- 
dence of its non-specificity. It is obvious that 
any reaction dependent upon response or de- 
struction of host tissue maj" be induced by 
chemical or physical agents as well as infec- 
tious ones. Thus, it was found that injection 
of 0.1 cc quantities of broth or serum might 
increase the allantoic fluid protein of embryos 
beyond the low concentrations usually seen. 
Such increases were greater than would be 
anticipated on the basis of the amount of 
protein injected, demonstrating an actual re- 
action of the embryonic tissue to the material 
introduced. 

When broth was injected in control em- 
brjms, mean turbidity values were almost 
double (i.e. 48 units) those observed in saline 
inoculated embryos, and occasional fluids ex- 
ceeded 100 turbidity units. The injection of 
undiluted allantoic fluid occasioned similar 
non-specific response, although it was of lesser 
degree (mean turbidity, 38 units), and only 
10% of individual fluids e.vceeded the upper 
limit of 75 turbidity units observed in normal 
embryos (Table I). 

The effect of bacterial infection of the 
chick embrv'o was not systematically studied, 
but examination of bacterially contaminated 
allantoic fluids disclosed increased turbidity, 
i.c. more than 75 units, in only 2 of 16 in- 
stances. In any event, such fluids are unsuit- 
able for virus study, and are customarilv 
discarded. 

In normal embryos incubated for more 
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TABIjE II 

Belation of Increase in Allantoic Fluid Turbidity to Extent of MultipUcation of Lee Viras. 


Time after inoculation 


Virus 

dilution 

inoculated 

24 hr 


36 hr 


48 hr 


Hem. titer* 

Turb.i 

Hem. titer 

Turb.' 

r — 

Hem. titer 

Turb. 

10-3 

1:636 

53 

1:1331 

96 

1:1843 

243 

10-a 

0 

28 

1:1536 

93 

1-.2048 

218 

lO-i 

0 

21 

1:65 

42 

1:1229 

145 


* Mean hemagglutination titer of allantoic fluids, 
t Mean turbidity value of allantoic fluids. 


TABLE in. 

Absorption Experiments with Antisera Against Normal and Infected Allantoic Fluid Protein. 


Babbit serum 


Precipitin titer* 


r 

\ 

Absorbed with 

Normal 
all. fl. prot. 

Infected 
all. fl. prot. 

Anti normal all. fl. prot. 

— 

1:250 

1:250 

ff fi }) 3) 

Infected all. fl. prot. 

0 

0 

Anti infected all. fl. prot. 



1:250 

1:250 

J 1 3 } 3 3 3 3 3 3 

Normal all. fl. prot. 

0 

0 

33 33 33 33 33 

Normal C.A..M. 

0 

0 


* Highest dilution of antigen ivhich gave a positive reaction ivith serum diluted 1:2. 


TABLE TV. 

Prevention of Protein Increase in Allantoic Fluid by Yirus Antiserum. 


Inoculum 


< 

Serum 

Lee virus 
dilution 

Mean hemagglutination 
titer of allantoic fluids 

Mean turbidity value 
of allantoic fluids 

— 

10-0 

1:1877 

150 

Normal 1:100 

33 

1:2046 

93 

” 1:500 

33 

1:2253 

188 

Anti Lee 1:100 

3 3 

0 

25 

” ” 1:500 

33 

1:2 

19 

” ” 1:100 

— 

— 

20 

” >’ 1:500 

— 

— 

43 


than 12 days, sharp, capricious increases in 
the allantoic fluid protein may occur, making 
such embryos unsuitable for use with the 
present method. Fluids grossly contaminated 
by blood introduced at the time of harvest 
also proved useless because of the presence 
of extraneous serum protein. 

Prevention oj protein increase by virus 
antiserum. Neutralization of Lee virus by 
specific immune rabbit serum prevented the 
increase in allantoic fluid protein which oc- 
curred following the injection of virus and 
normal serum or virus alone. The results are 


summarized in Table IV. It will be seen that, 
in the dilutions indicated, inactivated rabbit 
serum per se caused no undue elevation of 
mean turbidity. In other experiments dilu- 
tions of rabbit serum as low as 1:40 were 
used without increase in allantoic fluid pro- 
tein. This experiment affords definitive evi- 
dence that the protein increase which follows 
introduction of virus into the allantoic sac is 
a corollarj'^ of virus multiplication. 

Discussion. The study of many animal 
viruses and attempts to recover new viruses 
have been handicapped by the lack of simple 
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in vitro technics comparable to the hemag- 
glutination reaction. The method outlined in 
the present communication has the virtue of 
simplicity, and in theory may be of value in 
the detection of any virus capable of multi- 
plication in the cells of the allantoic sac of 
the chick embryo. Because the method is 
dependent upon the vagaries of host response, 
it is unsuitable for the direct measurement of 
virus concentration. However, both specificitj' 
and quantitation may be obtained bj"^ the em- 
plojTnent of immune serum. It is conceivable 
that a virus might be recovered and identified 
immunologicall}’’ as the etiological agent of a 
disease solely by chemical evidence of infec- 
tion of the chick embr}^. 


Summary. A method is described for the 
detection of virus infection of the allantoic 
sac of the chick embryo. The method is de- 
pendent upon the increased concentration of 
protein in infected allantoic fluid. Protein 
concentration is measured by determining the 
degree of turbidity produced upon the addi- 
tion of 10% trichloracetic acid to allantoic 
fluid. 

Wliile this article was in press, Poison and Dent 
(Nature, 1!149, 164, 233) described increases in 
the protein concentration of allantoic fluid from 
eggs infected with lumpy skin disease virus or 
blue tongue virus. 

Received July 12, 1949. P.S.E.B.M., 1949, 71. 


17308. Hemagglutination with the GDVII Strain of Mouse Encephalomye' 
litis Virus. 


0. Lahelle* and Frank L. Horsfall, Jr. 

From the Sospital of The TtockefeWer Institute for Medical Fesearch, New Tori: City. 


The capacity of certain viruses to cause 
agglutination of erythrocytes^ has permitted 
the development of in vitro procedures which 
have greatly facilitated investigative and 
diagnostic work with these agents. .'Although 
at least 10 different animal viruses are knowm 
to cause hemagglutination (pertinent data 
have been summarized recently),- there is 
almost no evidence indicating that any of the 
neurotropic viruses possesses a similar ca- 
paciti'. Recently, however, Bremer and Mut- 
saars^ stated that the Lansing strain of polio- 
mj'elitis virus caused agglutination of sheep 
RBC, and Hallauer^ stated that Columbia SK 
and Columbia iMlM viruses also agglutinated 
sheep RBC. We have been unable to confirm 

* Aided by a Fellowship from the National 
Foundation for Infantile Paralysis. 

1 Hirst, G. K., .1. Exp. Med., 1942, 75, 49. 

- Smadel, J. E., Viral and Rickettsial Infections 
of Man, 194S, chap. 3, J. B. Lippincott Co., Phila- 
delphia, Pa. 

3 Bremer, A., and Mutsaars, W., Compt. rend. 
Soc. Biol, 1948, 142, 1192. 

ITallaucr, C., 4th Internat. Cong. Microbiol., 
•Inly 20-20, 1947, Copenhagen, 1949, p. 257. 


the results reported for the Lansing strain, 
as too have other workers.'’ However, in the 
accompanying paper Olitsk}' and Yager^ have 
confirmed and e.vtended the results reported 
for SK and IMM viruses. 

The present study was concerned chiefly 
with the GDVII strain of mouse encephalo- 
myelitis virus as well as with the FA strain.® 
In addition, the Lansing, MEFl, and Brun- 
hilde strains of poliomyelitis virus were in- 
vestigated. It will be demonstrated that the 
GDVII strain causes agglutination of human 
RBC at 4^, but not at 23 or 37°C; that 
such hemagglutination is inhibited by homol- 
ogous immune serum, and by anti-F.-^ virus 
serum, but not by antiserum against other 
viruses. No evidence of hemagglutination 
could be obtained with the F.A. strain nor with 
any of the strains of poliomi-elitis virus which 
were employed. 

Materials and methods. Viruses. The 

•> Olifsky, P. K., .nnd Yager, R. H., .accompany- 
ing paper. 

0 Tliciler, M., and Gard. S., J. Exp. Med., 1940 
72, 49. 
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GDVII strain was obtained from Dr. Max 
Theiler, I.H.D. Laboratories, The Rockefeller 
Foundation, New York City. Three FA 
strains were used; one obtained from Dr. 
Theiler and 2 obtained from Dr. J. Melnick, 
Yale University, New Haven, Conn. Three 
poliomyelitis virus strains were employed; 
the Brunhilde strain was kindly supplied by 
Dr. D. Bodian, The Johns Hopkins Univer- 
sity, Baltimore, Md., and the Lansing and 
MEFl strains were obtained from Dr. P. K. 
Olitsky, The Rockefeller Institute, New York 
City. The Brunhilde strain was contained in 
infected monkey spinal cord. The other 
viruses were maintained by occasional intra- 
cerebral passage in mice. Brains were re- 
moved from exsanguinated mice shortly after 
the appearance of signs indicating infection 
of the central nervous system. Ten per cent 
brain suspensions were prepared with 0.01 M 
phosphate buffer at pH 7.2. The suspensions 
were ground for 2% minutes in a modified 
Waring Blendor which was cooled with ice 
and then were centrifuged for IS minutes at 
7,760 g. The supernates were employed 
either promptly after preparation or follow- 
ing storage at -70°C, sometimes for as long 
as 14 days. Virus titrations were performed 
by the intracerebral technic using serial 10- 
fold dilutions in 10% normal rabbit serum 
saline. A group of 5 or 6 mice was used for 
each dilution and the 50% infectivity end 
point, LDjo, was calculated in the usual 
manner. 

Heniagglnimation technic. Hemagglutina- 
tion titrations were carried out in a manner 
similar to that employed with influenza virus. ^ 
Serial 2-fold dilutions of brain suspensions 
in saline buffered at pH 7.2 and a final con- 
centration of 0.25% human Group 0 eryth- 
rocytes were employed. With the GDVII 
strain the mixtures were held at 4‘’C for 2 
hours. Readings were recorded in the usual 
manner and the end point was taken as the 
highest dilution which gave a 2-f- reaction. 

Hemagghitination-hihibition technic. Anti- 
body titrations were carried out with serial 
2-fold dilutions of inactivated (56°C/30 
min.) sera in buffered saline and a constant 
amount of virus, usually 16 hemagglutinating 
units. A final concentration of 0.25% RBC 
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was used and readings were made after 2 
hours at 4°C. The end point was taken as 
the highest dilution of serum which com- 
pletely inhibited hemagglutination. 

Immune sera. Through the courtesy of 
Dr. P. K. Olitskjf immune sera against a 
large number of different neurotropic viruses 
were made available. In most instances the 
sera were obtained from rabbits which had 
been repeatedly injected intraperitoneally or 
subcutaneously with infected mouse brain. 
In some instances sera were also obtained 
from immunized guinea pigs, mice or mon- 
ke 3 's. Immune sera and control normal sera 
usually were stored at -30°C. 

Hemagglutination with GDVII virus. Posi- 
tive results were obtained in hemagglutina- 
tion e.vperiments wnth the GDVII strain 
when (a) suspensions of infected mouse 
brain, (b) human Group O erythrocj^tes, and 
(c) a reaction temperature of 4°C were em- 
ploj'ed. The results of typical e.\-periments 
are shown in Table I. High titers ranging 
from 1:2,000 to 1:16,000 or more were com- 
monly obtained inth 0.25^ RBC. In general, 
the hemagglutination titer was inversely pro- 
portional to the concentration of RBC, as is 
the case also with influenza virus." Hemag- 
glutination occurred only if the mixtures were 
cold (4°C), disappeared rapidly when cold 
mixtures were warmed either at room tem- 
perature (23°C) or at 37°C, and reappeared 
when the mixtures were again cooled to 4'’C. 
The reaction developed relatively slowly and, 
although clear evidence of hemagglutination 
was present at one hour, more definite ag- 
glutination was present at 2 hours. The pat- 
tern of agglutinated cells was closeh' similar 
to that obsen'ed with human RBC and either 
influenza or mumps virus. 

Despite numerous attempts employing a 
wide range of experimental conditions, it was 
not possible to obtain evidence of hemag- 
glutination with the F.A strain nor with the 
Lansing, MEFl or Brunhilde strains of polio- 
m.velitis virus. In addition to human RBC, 
erj’throcytes from the following species were 
used: monke\’, horse, sheep, cat, dog, guinea 
pig. hamster, mouse and chicken. The 
GDVII strain was incapable of causing ag- 

T AVliitm.nn, U, .7. Immunol.. 1947, uC, 167. 


glutination of anj'' RBC other than those de- 
rived from man. Supernates of normal mouse 
brain suspensions, prepared as described 
above, did not cause agglutination of human 
RBC at dilutions greater than 1:4. As is 
pointed out also in the accompan 3 dng paper,® 
erythrocytes of certain species, c.g., hamster, 
dog, cat and guinea pig, as well as the mouse, 
commonly showed agglutination when mixed 
with normal mouse brain suspensions. 

The agglutination of human RBC which is 
caused by GDVII virus in the cold disappears 
after a few minutes at room temperature. 
Because of this, both the reaction and read- 
ings of titrations are best carried out in the 
cold room. .4s is shown below, agglutination 
is associated with adsorption of the virus to 
RBC and the dispersal of the agglutinated 
cells is associated with elution of the virus 
from them. Successive C 3 'cles of adsorption 
and elution, dependent merely on changes in 
temperature, can be repeated at will with a 
single mixture of RBC and GDVII virus. 
Four such cycles have been carried out. 

Hemagglutination-inhibition with immune 
serum. Agglutination of human RBC with 
GDVII virus in the cold was prevented by 
high dilutions of anti-GDVII serum as well 
as anti-FA serum but not by immune serum 
against other viruses. The results of t 3 'pical 
e.xperiments are shown in Table II. Hemag- 
glutination-inhibition titers ranging from 
1:4,000 to 1:16,000 were obtained commonly 
with anti-GDVII serum and similar high 
titers were obtained also with anti-F.4 serum. 
Normal serum usualh’’ caused some non- 
specific inhibition; with rabbit and guinea 
pig serum titers of 1:32 or lower were com- 
monh' found; with human and mouse serum 
titers as high as 1:128 were encountered. In 
some instances heating at 56°C for 30 minutes 
reduced the degree of non-specific inhibition. 
It should be emphasized that the injection 
of mouse brain suspensions into animals other 
than mice commonly results in the develop- 
ment of antibodies which cause agglutination 
of human RBC. Usually the agglutination 
titer of such sera is not greater than 1:128 
but in occasional instances it may be consid- 
erabU’ higher. V ith immune serum agglutina- 
tion of RBC occurs not only at 4°C but also 
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^ . TABLE n. 

Inlubition of Hemagglutination Tyith &DVn Virus by Immune Serum. 


Serum 


GDVII 

Held 2 hr 
at -C 

Serum 

hemagglut. 

inhibition 

titer 

Immune vs. 

s 

Species 

virus 

units 

Normal m.br** 

GDVII m.br. 

Norm.al m.br. 

FA m.br. 

11 It 

Poliomyelitis (conval.) 

** ’ Lansing m.br. 

Mengo, m.br. 

Babbit 

>3 

Mouse 

33 

Monkey 

j 1 

Babbit 

) J 

16 

16 

16 

16 

16 

16 

26 

16 

4 

4 

4 

4 

4 

4 
■ 4 

4 

Of 

8000 

0 

8000 

8000 

0 

0 

0 


* m.br. = Mouse brain. 

t O = No inhibition of hemagglutination at 1:32 serum dilution. 


at room temperature or at 37°C, as not with 
GDVII virus. The agglutinins were readily 
removed from such sera by absorption tvith 
20% human RBC at 4°C. Absorbed immune 
sera gave hemagglutination-inhibition titers 
with GDVII virus which were identical with 
those obtained with unabsorbed sera. 

Immune sera against the following viruses 
were employed in hemagglutination-inhibition 
experiments with GDVII virus; lymphocytic 
choriomeningitis, Eastern equine encephalitis, 
Japanese B encephalitis, St. Louis encephal- 
itis, Russian Far East encephalitis, vesicular 
stomatitis, West Nile, rabies, herpes simplex, 
vaccinia, Columbia SK, Columbia MM, Men-' 
go encephalomyelitis, encephalomyocarditis, 
influenza A (PRS strain) and PVM. In no 
instance was significant inhibition of GDVII 
virus demonstrable with these sera. 

In cross-immunit}'’ experiments Theiler and 
Card® demonstrated an immunological rela- 
tionship between GDVII and FA viruses. It 
appears of considerable interest that the re- 
sults of hemagglutination-inhibition e.xperi- 
ments indicate not only that antibody specifi- 
cally directed against GDVII virus is present 
in high titer in immune sera but also show 
clear evidence of a close antigenic relationship 
to FA virus. 

Adsorption and elution oj GDVII vims. 
When mixtures of human RBC and GDVII 
virus were held at 4^, the virus was adsorbed 
rapidly by the erythrocytes and sedimented 
with them on light centrifugation. When the 
sedimented RBC were resuspended in buf- 
fered saline and held at 4°C, elution of the 
virus did not occur. However, when the re- 


suspended RBC were warmed to 37°C, elu- 
tion of the virus occurred very rapidly and 
maximum titers were obtained in the super- 
nate within S to 10 minutes. Results of tjTii- 
cal e.xperiments are shown in Fig. 1. As would 
be expected, the concentrations of RBC em- 
ployed affected the extent to which the virus 
was adsorbed at 4°C but did not have any 
striking effect on the rate or degree of elution 
at 37°C. Mixtures held at 4°C for as long as 
24 hours showed no significant elution of the 
virus from RBC. 

That hemagglutination Mth GDVII virus 
is caused by the virus particle itself and not 
by a component separable from the virus is ■ 



Fig. I. 


Adsorption of GVVII virus on hum.on Group 
I BBC at 4°C and elution at ST^C. Hem.'ipgluti- 
ation titer of supern.itcs from mUtures of virus 
nd BBC is plotted against time mistmos were 
eld at 4°C. Hemagglutination titer of super- 
ates from resuspended BBC is plot^d agains 
me sneli erythrocytes were held at 37°C. 
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TABLE Ill- 


Adsorption on and Elution from Human BBC of GD V ii Tims. 


ilatcrial tested 

Hemagglutination tiler* 
at 4'C vs. human BBC 

Tirus infectivitv titer* 
in mice I.C., 

GDTH in.br. suspension 

10,240 

10 -s.r 

Supemate after adsorption with 
iOFc BBC, 1 hr at 4'C 

160 


Supemate of resuspended BBC 
in saline, 15 min. at 37'C 

10,240 

lO-r.s 


* Titers are expressed in terms of final dilution of brain material 


indicated by the results shown in Table III. 

-■Idsorption of a suspension with human 
RBC at 4'C r^ulted in reductions in the 
hemagglutination and torus infectmty titers 
of the supemate which were of similar degree, 
^loreover, on wanning the resuspended RBC 
at 37°C, similar increases in both titers oc- 
curred indicating that elution of the Tims 
was enected at the higher temperature. 

Properties oj hemagglutination component. 
The hemagglutination titer of GDVn mouse 
brain suspension was not diminished by 
storage at 4'C for 43 daj-s. Heating cmde 
suspensions in saline at 56°C for 50 minutes 
caused marked loss, i.e. 99^c, of hemagglutin- 
ating capacity. On the other hand, suspen- 
sions prepared from brain material extracted 
by methanol in the cold showed only a 2- to 
4-iold reduction in titer on similar heating, 
lloreover, such suspensions showed hemag- 
glutination titers of 1:1,000 after heating at 
65'C for 30 minutes. Centrifugation at 7,760 
g for 30 minutes did not reduce the hemag- 
glutination titer of suspensions. Filtration 
through Seitz-EK pads caused an 8-fold re- 
duction in the titer of the filtrate. Suspen- 
sions bufiered at pH values from 4.8 to 8.3 
gave similar titers. The amount of vims ad- 
sorbed by human RBC at 4'C was not sig- 
nificantly affected bj' the pH of the mixture 
within this range. Furthermore, elution of 
\'irus from RBC at 37°C was complete when 
erj'throcj'tes were resuspended in buffer of 
pH 4.8 to 8. 

Concentration of GDVII virus. By resus- 
pension of RBC with adsorbed xurus in small 
volumes of buffered saline and warming the 
suspension to 37'C, it was possible to achieve 
considerable concentration (10 times or 


more) of the xdrus in the eluate. In most 
instances the increase in titer obtained was as 
great as or greater than would have been 
expected in terms of the volumes of eluate 
emplo\-ed. Either high or low titer suspen- 
sions as well as suspensions which had been 
diluted before adsorption j-ielded satisfacton- 
restilts in concentration experiments of this 
kind. 

Recently it was reported® that GD\TI \nrus 
could be purified considerably by precipita- 
tion with 25 to 30fc methanol in the cold. 
In the present study numerous attempts were 
made to concentrate the nttus by means of 
such a procedure. In all instances the \irus 
titer was determined hr- the hemagglutination 
technic. It was found that 52% methanol 
mixtures held at 4°C for 3 hours j-ielded 
better results than mixtures at other methanol 
concentrations. Despite the use of a large 
variet\' of experimental conditions which in- 
cluded variations in pH, ionic strength, 
amount of centrifugation before and after the 
addition of methanol, as well as extraction 
of brain material with organic solvents, it was 
not possible to obtain consistent results. In 
some e.xperiments 10-fold or greater concen- 
tration was achie\-ed but the results were not 
sufficiently reproducible to make the pro- 
cedure valuable. Aloreover, after concentra- 
tion by methanol precipitation, the \-irus ap- 
peared to be unstable and hemagglutination 
titers decreased rapidly on storage of con- 
centrated material at 4'C. 

^ Failure of F.A virus to cause hemagglutina- 
tion. The infectivity titer of GD\TI rdrus is 

s Brumfield, H. P., Strfberg, C. S., and Hal- 
vorson, H. O., Beoc. Soc. Exp. Bio3X xs-d 3Iei> 
194S, 08, 410. ’ 
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TABLE 11, 

Inhibition of Hemagglutination ^vith GDVII Virus by Immune Serum. 


Serum 

r ' ' 

Immune vs. 

s 

Species 

GDVn 

virus 

units 

Held 2 hr 
at»C 

Serum 

hemagglut. 

inhibition 

titer 

Normal m.br** 

Rabbit 

16 

4 

01 

GDVII m.br. 

33 

10 

4 

8000 

Normal m.br. 

Molise 

1C 

4 

0 

FA m.br. 

33 

IG 

4 

8000 


Monkey 

36 

4 

8000 

Poliomyelitis (convai.) 

ft 

16 

4 

0 

” Lansing m.br. 

Rabbit 

16 

4 

0 

Mengo, m.br. 


16 

4 

0 


* m.br. = Mouse brain. 

to — Ho inhibition of hemagglutination at 1:32 serum dilution. 


at room temperature or at 37°C, as not with 
GDVII virus. The agglutinins were readity 
removed from such sera fay absorption with 
20% human RBC at 4‘’C. Absorbed immune 
sera gave hemagglutination-inhibition titers 
with GDVII virus which were identical with 
those obtained with unahsorbed sera. 

Immune sera against the following viruses 
were employed in hemagglutination-inhibition 
experiments with GDVII virus: lymphocytic 
choriomeningitis, Eastern equine encephalitis, 
Japanese B encephalitis, St. Louis encephal- 
itis, Russian Far East encephalitis, vesicular 
stomatitis, West Nile, rabies, herpes simplex, 
vaccinia, Columbia SK, Columbia hlhl. Men-' 
go encephalomyelitis, encephalomyocarditis, 
influenza A (PR8 strain) and PVM. In no 
instance was significant inhibition of GDVII 
virus demonstrable with these sera. 

In cross-immunity experiments Theiler and 
Gard'’" demonstrated an immunological rela- 
tionship between GDVII and FA viruses. It 
appears of considerable interest that the re- 
sults of hemagglutination-inhibition experi- 
ments indicate not only that antibody specifi- 
cally directed against GDVII virus is present 
in high titer in immune sera but also show 
clear evidence of a close antigenic relationship 
to FA virus. 

Adsorption and elution of GDVII virus. 
When mixtures of human RBC and GDVII 
virus were held at 4°C, the virus was adsorbed 
rapidly by the erythrocytes and sedimented 
with them on light centrifugation. When the 
sedimented RBC were resuspended in buf- 
fered saline and held at 4‘’C, elution of the 
virus did not occur. However, when the re- 


suspended RBC were warmed to 37°C, elu- 
tion of the virus occurred very rapidly and 
maximum titers were obtained in the super- 
nate within 5 to 10 minutes. Results of t 5 pi- 
caf experiments are shown in Fig. 1. As would 
be expected, the concentrations of RBC em- 
ployed affected the extent to which the virus 
was adsorbed at 4‘’C but did not have any 
striking effect on the rate or degree of elution 
at 37°C. Mixtures held at 4'’C for as long as 
24 hours showed no significant elution of the 
virus from RBC. 

That hemagglutination with GDVII virus 
is caused by the virus particle itself and not 
by a component separable from the virus is • 



Fia. 1. 

Idsorption of GDVII virus on human Group 
SBC at i°C and elution at 37°C. Hcm.'iggmti 
ion titer of supernates from_ mi-vturcs of wrus 
I BBC is plotted against Umo 
i at 4®C. Hemagglutination titoi* , 

es from resuspended KBC is 
e such erythrocytes were held at 3/ G, 
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17309. Hemagglutination by Columbia SK, Columbia MM, Mengo En- 
cephalomyelitis and Encephalomyocarditis Viruses; Experiments 
with Other Viruses. 

Peter K. Olitsky and Robert H. Yager.* 

Prom the Lahoraiories of the Rockefeller Institute for iledical Research, JN eio Tori: City. 


During the course of a stud}"^ on hemagglu- 
tination by certain neurotropic viruses, a study 
suggested by the findings reported in the fore- 
going paper the writers’ attention was direc- 
ted to two reports. One^ stated that the 
Lansing strain of poliomyelitis virus, and the 
other^ that the Columbia SK (Col SK) and 
Columbia MM (Col MM) viruses aggluti- 
nated sheep erythrocv’les, the agglutination 
being inhibited by specific antisera. 

In our own work no hemagglutination bj’' 
the Lansing strain was found; Hallauer® also 
reported failure. On the other hand, hemag- 
glutination of sheep RBC by Col SK and 
Col MiM viruses® was not only confirmed in 
the present investigation but a similar spe- 
cific reaction was also obtained with Mengo 
encephalomyelitis (IME) and encephalomyo- 
carditis (EMC) viruses. 

This paper reports the results of these tests 
as well as attempts to disclose agglutination 
of sheep red cells and several additional tvpes 
of et3'throcytes bv^ still other neurotropic 
viruses. Furthermore, there will be de- 
scribed an agglutinin for erythroc.vtes deriv'- 
ing from several species of animals present 
in suspensions of normal mouse brain, as well 
as an inhibitor of agglutination contained in 
the tissue suspensions and also in norma] 
serum. 

Hemagglutination oj Sheep Erythrocytes 
by Col SK, Col UM, ME, anS EMC Viruses. 
Dick and TayloH have employed solutions 
of crv'stalline bovine plasma albumin (BPA) 
as a medium for preservation and for dilution 

^ Lt. Colonel, V.C., U. S. Arm.v. 

J Lnliellc, O., .nml Horsfall, F. L., .Tr., Proc. Soc. 
Exr. UioL. Med., 104!), 71, “13. 

- Bremer. A., and Mutsaars, VV., C. r. Soc. biol., 
104S, 142. 1104. 

)) Hallauer. C., 4tli Internal. Coup. Mierobiol,. 
.Tuly eO-CG, 1047, Copenhagen, 1040. p. 2.~i7. 

^ Dick. G. VV. A., and Taylor, B. Jt.. J. Im- 
munol.. 1040, 02. 311. 


of several viruses, among which vv'ere influ- 
enza, yellow fever, Lansing and AIE. A 0.1 
or 0.2^ solution of the crystals in buffered 
saline solution, filtered through a Seitz ap- 
paratus generally sufficed for ordinarv- labor- 
atory purposes, especially for dilution in ti- 
tration tests.'* It was also found in this 
laboratory that for the several viruses em- 
ployed in the present study BP.A was a satis- 
factory vehicle and the adv'antages of utilizing 
a clear, nonagglutinating solution, which also 
preserved the titer of a virus in tests for 
hemagglutination, were apparent. Conse- 
quently virus-infected mouse brains, (20%) 
were suspended preferably in 0.1% BPA 
although saline solution or 10% rabbit serum 
could also be employed. Such suspensions 
were used in the fresh state: or if stored, were 
kept frozen in a mechanical, electrically 
operated freezer at -20 to -25'’C and thawed 
just before use. Dilutions of virus for hemag- 
glutination were made, however, with buf- 
fered saline solution. 0.85% NaCl, 0.05 IM 
phosphate and pH 7.6. 

The procedure of the test was as follows; 
The fresh or thawed viral suspension consist- 
ing of 20% brain tissue was centrifuged for 
clarification at 2,000 rpm for 5 minutes. 0.4 
ml of the supemate was added to the first 
2 of a series of 10 to 15 tubes. Buffered saline 
solution in equal amount -was introduced into 
all tubes e.vcept the first to make a 2-fold 
dilution in a final volume of 0.4 ml in the 
second and successive tubes. To each virus 
diluU’on was added 0.4 ml of 0.5% washed 
sheep RBC suspended in buffered saline solu- 
tion, thus securing final dilutions of virus of 
1:10 to 1:5, 120, or higher, and of the erv’th- 
rocytes in each tube, 0.25%. Cells were pre- 
pared from fresh bleedings and stored in 
modified .Alsever's fluid (.ACD):'** as such 
they could be kept for about 1 month in the ice 

B.ipojjort, f?., J. Clin. Invr.<it., 1P47, 2G. SPl, 
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definitely higher than that of FA virus. With 
the strains employed in this study, GDVII 
gave LD50 titers of the order of Kh* or more 
while FA gave titers of the order of ICh® or 
less. On the assumption that the infectivity 
titer is proportional to the virus concentration, 
it seemed possible that the failure to demon- 
strate hemagglutination with FA might be 
attributable to a relatively low concentration 
of the agent in infected brain tissue. Because 
of the numerous similar properties of the 2 
viruses® and the close antigenic relationship 
disclosed in the hemagglutination-inhibition 
experiments described above, it appeared de- 
sirable to determine if FA shared with GDVII 
the capacity to cause hemagglutination of 
human RBC in the cold. 

Attempts to concentrate FA virus, as was 
feasible with GDVII, by adsorption on human 
RBC at 4°C and elution in a small volume 
of diluent at 37°C, were uniforml}"^ unsucess- 
ful. In no instance was hemagglutination 
demonstrable with the eluates despite the use 
of erythrocytes derived from numerous spe- 
cies. hloreover, the results of infectivity 
titrations indicated that FA virus was not 
adsorbed by human RBC under the condi- 
tions employed; supernates of virus- RBC 
mixtures held at 4°C showed no reduction in 
infectivity titer. It appears, therefore, that 
despite similarities relative to numerous prop- 
erties FA virus and GDVII virus do not give 
similar reactions with human erythrocytes 
in vitro. 

Discussion. That certain neurotropic vi- 
ruses possess the capacity to agglutinate in 
the cold erythrocytes deriving from certain 
animal species appears evident from the re- 
sults of this study and that described in the 
accompanying paper.® By means of the hem- 
agglutination reaction vath human RBC at 
4°C it is possible to estimate in vitro the con- 
centration of GDVII virus in a suspension of 
infected mouse brain. As is the case with 
other animal viruses which cause hemaggluti- 
nation, relatively high concentrations are 
required before positive results are obtained; 
with GDVII of the order of 10* mouse in- 
fectious doses of virus correspond to one 
hemagglutinating unit. The available evi- 


dence suggests that the infective virus particle 
is itself responsible for hemagglutination with 
this agent. By means of the hemagglutina- 
tion-inhibition technic, also carried out with 
human RBC at 4°C, the concentration of 
antibodies in immune serum specifically di- 
rected against the virus can be estimated 
in vitro. Evidence obtained in hemaggluti- 
nation-inhibition experiments indicates that 
GDVII virus is immunologically closely re- 
lated to FA virus, but is not related to any 
other of the numerous agents tested. 

Despite numerous attempts with a wide 
variety of experimental conditions, it was not 
possible to demonstrate hemagglutination 
with FA virus. IMoreover, with the Lansing, 
MEFI and Brunhilde strains' of poliomyelitis 
virus no evidence was obtained indicative of 
a capacity to combine with erythrocjdes. It 
may be pertinent that neither FA virus nor 
poliomyelitis virus reaches high titers in in- 
fected central nervous system tissue and it 
is possible that the failure to show hemag- 
glutination with these agents is attributable 
to insufficient concentration. On the other 
hand, qualitative factors also may be of 
critical importance and it seems possible that 
with erythrocytes from still other species and 
with different experimental conditions posi- 
tive results might be obtained. 

The dependence of hemagglutination with 
GDVII virus and of adsorption of the agent 
by human RBC upon a low temperature, i.c. 
4°C, appears to be unique. With the excep- 
tion of the neurotropic viruses discussed in 
the accompanying paper,® other viruses which 
cause hemagglutination show no such tem- 
perature effect. 

Summary. Suspensions of mouse brain in- 
fected with the GDVII strain of mouse en- 
cephalomyelitis virus cause agglutination of 
human Group O RBC at 4 C. Anti-GDVII 
virus serum inhibits hemagglutination by the 
agent as also does anti-FA virus serum. 
GDVII virus is adsorbed by human RBC at 
4°C and rapidly elutes from them at 37 C. 
Three strains of poliomyelitis virus failed to 
show any evidence of hemagglu tination. 
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TABLE II. 

Hemagglutinatioii-In]iibition by Antisera: Col SK, Col ME and EMC "Viruses and 
Sheep Cells. 


Virus 

Antiserum* 

Virus, agg. units 


Scciprocal of final dilution of serum 

80 160 320 640 1,280 2,560 5,120 

Col SK 

Col SK 

4 

0 

0 

0 

0 

0 

0 

0 

4 

Col SK 

KESt 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Col MM 

Col MM 

4 

0 

0 

0 

0 

0 

1 

2 

3} 

Col JIM 

•NES 

4 

4 

4 

4 

4 

4 

4 

4 

4 

ME 

ME 

S 

1 

0 

0 

0 

0 

0 

3 

4 

ME 

NES 

8 

4 

4 

4 

4 

4 

4 

4 

4 

EMC 

EMC 

8 

1 

0 

0 

0 

0 

2 

4 

4 

EMC 

KBS 

S 

4 

4 

4 

4 

4 

4 

■ 4 

4 

ME 

WEE§ 

8 

4 

4 

4 

4 

4 

4 

4 

4 

EMC 

WEE 

8 

4 

4 

4 

4 

4 

4 

4 

4 


* All antisera Tvere prepared by injecting rabbits repeatedly with mouse-brain virus, 
f NHS = normal rabbit serum. 

t The titration continued as follows: 10,240 read 3; 20,480 read 4. 

$ Western equine encephalitis antiserum. 


period of incubation of antisera and virus was 
found necessary. The antisera used were 
prepared by injecting rabbits subcutaneously 
3 times at weekly intervals with 1, 2, and 3 
respectively, fresh or frozen virus-infected 
mouse brains. All serum whether Immune or 
normal was inactivated by heating at S6®C 
for 30 minutes. The virus was kept con- 
stant at 4 or 8 units per tube and the serum 
was diluted 2-fold beginning w'ith 1:10, thus 
the final dilutions of serum became 1:40 to 
1:20,480, since 10 dilutions were usually 
tested. The test w^as read after 60 minutes 
at 5°C. The reading of the hemagglutination 
inhibition followed standard methods.® 

Table II demonstrates one of the tests. It 
will be observed that not only did the anti- 

TABLE ni. 


Tests Showing Hcmngglutin.Ttion-Inhibition Titers 
of Antisera Against Col SK Group of A'iruses and 
Certain of the Cross-Ecactions. 


Virus 

Antiserum 

Agglutinntion-Inhibition 

titer 

Col SK 

Cfll .SK 

1:2,560* 


Col MM 

1:640 


ME 

1:1.280 


EJtC 

1:1,280 

ME 

ME 

1:2.560 


EMC 

1:320 

EMC 

EMC 

1:040 


Col SK 

1:640 


• The dilutions rcprc.sent the highest dilution of 
antiserum preventing agglutination (T.ablo II). 


sera inhibit specifically the hemagglutination 
of sheep cells by the Col SK group of viruses 
but there was evidence of clear-cut cross-re- 
actions among members of this group of 
viruses. Table III is presented to demonstrate 
the results of a test on inhibition of hemag- 
glutination, the titer of antisera and certain 
cross-reactions among the members of the Col 
SK group of viruses. 

It is concluded therefore that the Col SK, 
Col MM, ME and EMC viruses agglutinate 
sheep RBC specifically; they e.xhiliit cross- 
agglutination inhibition among the individuals 
of the group and since other neurotropic 
viruses do not agglutinate sheep cells, as will 
be shown immediatel}^ these 4 infective agents 
can be looked upon as having a generic rela- 
tionship and a common antigenicitjL Thus 
support is given to the findings of Warren 
and Smadel® and of Dick" who produced solid 
evidence from a wholly different approach to 
the problem of interrelationship of the 4 
agents. 

Since the hemagglutination is characteristic, 
it can apparently be utilized for the identifica- 
tion of the viruses of the Col SK group and 
for measurement of the antibody content of 
antisera against any of the 4 agents. Finally, 
since all of the individual members of the 
group agglutinate sheep RBC in the cold, 
elute or disperse spontaneously and rapidh- at 
moderate elevations of temperature, and when 
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TABLE L • > . 

Hemagglutination of Sheep Cells bj- Columbia SK, Columbia MM, Meningo Encephaloniyelitis and En- 
eephalomyocarditis Viruses, Held for 120 Min, at 5°C. . , 

Beciprocal of final dilution of virus or of BBC of types other than 
Virus or normal mouse brain sheep, plus virus 

control materials 10 20 40 80 160 320 640 to 5,120 (10 to 5,120 dils.) 


Test Col SK 

Col MM 
ME 
EMC 

TVest equine 
East ” 
GDVir 


4 4 
4 4 
4 3 
4 4 
0 0 
0 0 
0 0 


2 d: 
2 0 

3 3 

4 3 
0 0 
0 0 
0 0 


0 0 

0 0 

2 ± 

2 1 

0 0 

0 0 

0 0 


0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

-b rvith human-o cells only 


Controls Normal mouse 
brain 


0 0 0 0 0 0 


0 


See text 


sheep cells 

Saline soln. 0 

BPA 0 


Cells alone 
0 
0 


box; after washing, however, not longer than 
S days. Hamster erythrocytes were prepared 
from fresh bleedings and were not satisfactori- 
ly stored; they were proved useless if kept 
in ACD for periods longer than 4 days. The 
tubes were shaken, kept for 60-120 minutes 
at S°C and then read. It should be empha- 
sized here that false positives, i.e., nonspe- 
cific reactions, easily obscured the results 
especially since mouse-brain suspensions were 
employed; the cause of this difficulty will 
soon be given. Hence tests should include 
a) a control on the virus suspension, namely, 
normal mouse brain suspension and b) anti- 
serum to determine the specificity of hemag- 
glutination. Generally the methods here de- 
scribed and the scale of reading agglutination, 
except for certain modifications, follow those 
already described.^’® It should be stressed 
here also that even slight variations in tech- 
nic sometimes brought about irregular results 
— a fact which applies also to the standard 
test.® 

Table I shows the outcome of one of several 
similar experiments. The selective agglutina- 
tion of sheep RBC by Col SK, Col MM, ME 
and EMC viruses is noted. It is not surpris- 
ing to find such uniformity of reaction exhibi- 
ted by the 4 viruses since it has already been 
found by Warren and Smadel® and by Dick " 

Smadel, J. E., in Viral and Rickettsial Infections 
of Jlan, ed. T. >1. Rivers, J- B. Lippincott Co., 
Philadelphia, 1948, Chap. 3, pp. i7-82. 


that there is a close relationship among the 
members of this group as proved by the-results 
of serological, immunological and other bio- 
logical studies. 

With these 4 viruses the hemagglutination 
was carried out best at S°C for the reason 
that spontaneous elution or dispersion of virus 
from the erythrocytes occurred at room 
(23'’C) or incubator (37“C) temperatures 
so that at the higher temperature little or no 
agglutination was visible. This reversibility 
of the agglutination by means of increasing 
the temperature could be carried out with 
the same materials for an indefinite number 
of times, or as long as sufficient virus survived 
the process to show its hemagglutinative ca- 
pacity. In this respect, the present group 
of viruses behaved as did the GDVII virus. 

Specificity oj Bemagglutimtion. The next 
investigation related to the specificity ® 
hemagglutination for sheep erythrocytes by 
Col SK, Col JiBI, ME, and EMC viruses. 
The procedure followed the established prin- 
ciples® of a preliminary titration to determine 
the hemagglutination titer of the virus to be 
tested and of selection of a dilution of i nhiA 
represented not less than 4 and not mom 
than 8 agglutination units. 0.2 m f^^._ 
lilution of virus was added to ^ . 

sera, then 0.4 cc of the cells-no preh« 


Warrcii; 


, „ T E /. Immmoh, in 

1 , J., nnd Sni.iclcl, J. L., 


Pick. G. w. A., .r. 
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TABLE ir. 

Hemaggliitination-Inliibition bj Antisera: Col SK, Col MSI, SIE and ESIC Tiruses and 
Sheep Cells. 


Tims 

Antiserum’' 

Virus, agg. units 40 

Beciprocal of final dilution of serum 

SO 160 320 640 1,280 2,560 5,120 

ColSK 

Col SK 

4 

0 

0 

0 

0 

0 

0 

0 

4 

ColSK 

KKSt 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Col MM 

Col MM 

4 

0 

0 

0 

0 

0 

1 

9 

3t 

Col MM 

•KBS 

4 

4 

4 

4 

4 

4 

4 

4 

4 

ilE 

ME 

8 

1 

0 

0 

0 

0 

0 

3 

4 

ME 

KBS 

8 

4 

4 

4 

4 

4 

4 

4 

4 

EMC 

EMC 

S 

1 

0 

0 

0 

0 

2 

4 

4 

EMC 

KBS 

8 

4 

4 

4 

4 

4 

4 

4 

4 

ME 

WEEJ 

8 

4 

4 

4 

4 

4 

4 

4 

4 

EMC 

■WEB 

8 

4 

4 

4 

4 

4 

4 

4 

4 


* All antisera were prepared by injecting rabbits repeatedly with mouse-brain rims, 
t SiTlS r= normal rabbit semm. 

* The titration continued as follows: 10,240 read 3; 20,480 read 4. 

$ SVestern equine encephalitis antiserum. 


period of incubation of antisera and virus was 
found necessary. The antisera used were 
prepared by injecting rabbits subcutaneously 
3 times at weekly inten^als with 1, 2, and 3 
respectively, fresh or frozen virus-infected 
mouse brains. All serum whether immune or 
normal was inactivated by heating at Sd'C 
for 30 minutes. The virus was kept con- 
stant at 4 or 8 units per tube and the serum 
was diluted 2-fold beginning with 1:10, thus 
the final dilutions of serum became 1:40 to 
1:20,480, since 10 dilutions were usually 
tested. The test was read after 60 minutes 
at 5°C. The reading of the hemagglutination 
inhibition followed standard methods.® 

Table II demonstrates one of the tests. It 
will be observed that not onlj' did the anti- 

TABLE ni. 

Tests Showing Hemagglutination-Inhibition Titers 
of Antisera Against Col SK Group of Tiruses and 
Cert.ain of the Cross-Ecactions. 


Virus 

Antiserum 

Agglutination-Inhibition 

titer 

Col SK 

Col SK 

1:2,500* 


Col MM 

1:640 


ME 

1:1.280 


EMC 

1:1,280 

ME 

ME 

1:2,500 


EltC 

1:320 

EMC 

EMC 

1:040 



Col .SK 

1:040 


• The dilutions represent the highest dilution of 
antiserum preventing agglutination (T.able U). 


sera inhibit specifically the hemagglutination 
of sheep cells by- the Col SK group of viruses 
but there was evidence of clear-cut cross-re- 
actions among members of this group of 
\iruses. Table III is presented to demonstrate 
the results of a test on inhibition of hemag- 
glutination, the titer of antisera and certain 
cross-reactions among the members of the Col 
SK group of viruses. 

It is concluded therefore that the Col SK, 
Col Mitl, ME and EMC viruses agglutinate 
sheep RBC specifically; they e.vhibit cross- 
agglutination inhibition among the individuals 
of the group and since other neurotropic 
viruses do not agglutinate sheep cells, as will 
be shown immediately, these 4 infective agents 
can be looked upon as having a generic rela- 
tionship and a common antigenicitj'. Thus 
support is given to the findings of \YaiTen 
and Smadel® and of Dick" who produced solid 
evidence from a wholly different approach to 
the problem of interrelationship of the 4 
agents. 

Since the hemagglutination is characteristic, 
it can apparently be utilized foi the identifica- 
tion of the viruses of the Col SK group and 
for measurement of the antibody content of 
antisera against any of the 4 agents. Finallv, 
since all of the individual members of the 
group agglutinate sheep RBC in the cold, 
elute or disperse spontaneously and rapidly at 
moderate elevations of temperature, and when 
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freed from the erj^throcytes are as active as 
they were originally, hemagglutination may be 
useful for purposes of adsorption, without in- 
activation, of the active agents, just as can be 
done with the GDVII vfrus.^ 

Agglutination Tests with Other Neuro- 
tropic Viruses and a Variety of RBC. A nude 
variety of erythrocytes other than those of 
sheep, namely, human 0, chick, horse, hamster, 
dog, cat and guinea pig, were tested for ag- 
glutination by the 4 viruses of the Col SK 
group; the tests failed. In addition, the 
various erythrocytes just mentioned, includ- 
ing sheep cells, were tested for agglutinability 
by numerous neurotropic viruses. The viruses 
employed were: 

Eastern equine encephalitis Theiler (FA 

strain) 

Western equine encephalitis Theiler (TO 

strain) 

Venezuelan equine encepha- poliomyelitis 

litis (Lansing strain) 

Japanese B encephalitis poliomyelitis 

St. Louis encephalitis (MEFl strain) 

Russian Far East enceph- 
alitis West Nile 


aggregates were usually “hard”, coarse, ir- 
regularljf sized and shaped, and sometimes 
were surrounded by a narrow zone of slight 
hemolysis. 

In view of the fact that GDVII virus e.v 
hibits agglutination only of human-0 RBC^ 
and the Col SK group of viruses only of sheep 
cells, one may well question the meaning of 
the negative results obtained with the other 
neurotropic viruses and the kinds of eryth- 
rocytes used in the present investigation. 
Since agglutination is so selective with respect 
to cells used, it will not be surprising to find 
one or another of these viruses yielding posi- 
tive results with erythrocytes deriving from 
species not as yet tested. . 

Agglutinative Capacity of Normal Mouse 
Brain Suspensions for Dog, Cat and Guinea 
Pig RBC. During the course of the present 
study, it was noted that suspensions of normal 
mouse brain agglutinated to a low degree, 
dog, cat, and guinea pig RBC. The hemag- 
glutination titers were generally 1:10, less 
often 1:20, rarely 1:40, and of 15 samples 
in one instance only, 1:320. This reaction 
was observed after 60 minutes at 5°C, but the 


vesicular stomatitis (New rabies 

Jersey strain) lymphocytic 

vesicular stomatitis (Indiana choriomeningitis 

strain) herpes simplex 

louping ill 

The results of over 100 experiments can be 
summarized by stating that no specific clump- 
ing of any of the types of erythrocytes by any 
one of the viruses mentioned Avas detectable. 
Now and again agglutination was seen but 
further study revealed it to be nonspecific, 
most often owing to the physical or partic- 
ulate condition of the mouse-brain suspension. 
It was shown that a) normal mouse-brain 
suspensions produced similar hemagglutin- 
ation; b) centrifugation to a degree which 
clarified the suspension but did not sediment 
the virus from the supernate served to abolish 
the agglutinative capacity of the supernate, 
c) antisera failed to inhibit the reaction, d) 
the reaction Avas not reversible, e) the aggre- 
gations formed did not resemble the “soft”, 
clinging, fine agglomerations as was seen in 
the hemagglutination by Col SK group of 
viruses just described. On the contrary, the 


maximum titer Avas reached, hoAvever, at room 
temperature. The reaction was not reversible: 
there Avas no A'isible phenomenon similar to 
that of spontaneous elution. Moreover, anti- 
sera prepared by immunizing rabbits against 
normal mouse brain had no inhibitory effect 
on the agglutinatiA'e pmver of the normal 
mouse brain. The agglutination thus produced 
revealed, therefore, characteristics unlike 
those of the viruses of the Col SK group. It 


; clear, hoAvever, that since neurotropic 
iruses are often employed in the form of 
ifected mouse brain, the occurrence of this 
anspecific hemagglutination should be reck- 
led with in e.xperimental studies. 

Presence of an Agglutinin and an Aggliitin- 
' ion-inhibitor for Hamster Cells in Normal 
louse Brain. It Avas also disclosed during the 
lurse of the present investigation that there 
:ists in normal mouse brain, ai^ therefore 
virus suspensions prepared with infected 
ouse brain, an agglutinin as well as an ag- 
utination-inhibitor (HI) for hamster erjTh- 
cj-tes, both being present in the same suspen- 
ms at the same time. 
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TABLE IV. 


Presence of Hcmagglutination-Inliibitor and Agglutination of Hamster BBC br Normal House Brain 
(XiTB) and Virus-Infected House Brain (120 min, at 5°C). 


Haferialusefi - 





Dilution of brain tissue or 

of antiserum* 




80 

ICO 

3-10 

640 

1,280 

2,360 

5,120 

10,240 

20,480 

40,960 

81,920 

.VMB 

0 

0 

0 

0 

0 

3 

4 

4 

4 

4 

4 

4 

AHB -f its anti- 

0 

0 

0 

0 

0 

0 

2 

2 

3 

3 

— 

— 

serum 

XHB -f NES* 

0 

0 

0 

0 


1 

4 

4 

4 

4 

— 

— 

Vest equine virus 

0 

0 

0 

1 

3 

4 

4 

4 

4 

4 

4 

O 

West equine virus 

0 

0 

0 

1 

2 

4 

4 

4 

4 

— 

— 

— 

-f its antiserum 

XiCB heated, 56°C, 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

10 min. 

KMB lieated, 5G®C, 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

o 

0 

30 min. 


* NRS = Normal rabbit scrum; in an HI test, 8 units of normal or virus-infected mouse brain n-as 
used in each tube; reciprocal of final dilution is given. 


The agglutinin for hamster cells present 
in normal and virus-infected mouse brain 
became evident at ice bo.\ or room tempera- 
ture, maximal after 2 hours’ incubation. The 
agglutinated masses of hamster cells which 
formed were more minute, delicate and evenly 
dispersed along the sides of the test tube 
than were the aggregates formed by the Col 
SK group of viruses. Specific antisera did 
not inhibit the hamster-erjThrocyte agglutina- 
tion to any greater e.xtent than did normal 
serum of the same species. As will be shown 
later all sera contained a nonspecific inhibitor. 
It is therefore plain that this agglutinin has 
characteristics which differ from those shown 
by the Col SK group of viruses in the presence 
of sheep cells. The hamster-RBC tj^ie ag- 
glutination also differs from that obsen-ed 
when normal or infected mouse brain re- 
acted with dog, cat or guinea pig erj'thro- 
cj'tes. 

The HI e.xerted its influence in dilutions of 
1:40 to 1:160, rarely (3 of IS titrations) as 
high as 1:640. .^fter the HI was diluted out 
hemagglutination was then visible and showed 
itself in dilutions usually up to 1:80.000 and 
sometimes higher (Table IV). The HI was 
active both at ice-box and room temperatures 
and the maximum titers were noted after 2 
hours' incubation. The inhibitor w.is ther- 


molabile and could be inactivated by heating 
mouse-brain suspensions at 56°C for 10 to 
30 minutes at which temperature the agglu- 
tinin was not affected (Table IV). Sodium 
citrate 2.5% did not neutralize its effect as 
it does in the case of PVM and other viruses.® 
It could not be sedimented out of a suspension 
of mouse brain at 3,000 rpm for 10 minutes 
and rabbit antisera prepared by repeated in- 
jection of normal or virus-infected mouse 
brain failed to reduce its titer of activity. 

Nonspecific HI in Certain Normal Scrum 
and Antisera. .Antisera prepared in rabbits, 
guinea pigs, or monkeys, and the respective 
normal sera of these species possessed the ca- 
pacity to inhibit hamster-cell agglutination by 
normal or virus-infected mouse-brain suspen- 
sions. Thus the nonspecific inhibition could be 
demonstrated in dilutions of sera up to 1 : 1,280 
(Table IV). When normal guinea pig or 
rabbit serum was heated at fiS'C for 30 
minutes the contained nonspecific inhibitor 
was not therebj' inactivated. It has been pre- 
viously reported®-” that such treatment of 
serum can inactivate the inherent nonspecific 
inhibitor of hemagglutination by other viruses. 

® Biii.^bvrp, H. .S., pcr.conal commuiiic.alion. 

S' Giii.sberR, H. .S., .and Horsf.al!, F. L., ,Tr.. 
J. Erp. .Med., 8!), 37. 
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Summary of Nonspecific Agglutinins and 
Inhibitors. In sharp contrast to the clearly 
defined, specific agglutination of sheep red 
cells by the Col SK group of viruses on one 
side, and the failure of many other neuro- 
tropic viruses to show hemagglutination on the 
other, is the existence of the following non- 
specific elements: 

a) An agglutinin for dog, cat and guinea 
pig erythrocytes is contained in normal, or 
virus-infected mouse brain. 

b) An agglutinin for hamster red cells is 
present in normal or virus-infected mouse 
brain. 

c) A thermolabile inhibitor of agglutination 
of hamster RBC exists concomitantly with 
the agglutinin for the hamster cells just men- 
tioned, in normal or virus-infected mouse 
brain. 

d) A thermostable inhibitor is present in 
normal monkey, rabbit and guinea pig serum, 
consequently in antisera as well, which pre- 
vents agglutination of hamster cells. 

The nonspecific reactions just described re- 
quire further study for the identification of 
the agglutinins and the inhibitors present in 
mouse brain suspensions and in normal serum. 
For the moment, the use of erythrocytes de- 
riving from hamsters, dogs, cats and guinea 
pigs for agglutination by neurotropic viruses 
in the form of mouse-brain suspensions would 
appear to require caution. Since all the 
standard hemagglutination tests, now routine 
in laboratory practice, require careful control 
of the variable employed, similar precautions 
are needed as well for the Col SK, Col MM, 
ME, and EMC viruses. 

Conclusions. Evidence has been brought 
fonvard to indicate that Columbia SK, Co- 


lumbia MM, Mengo encephalomyelitis and 
encephalomyocarditis viruses agglutinate 
sheep red cells. It is therefore possible to 
identify these viruses by means of hemag- 
glutination and to measure the antibody con- 
tent of antisera. Since the viruses show 
characteristic spontaneous elution or disper- 
sion from the erythrocytes, the method can be 
used for purposes of selective adsorption of 
the viruses without loss of their hemagglutin- 
ative activity. Moreover, the uniformity of 
the hemagglutination reaction shown by the 
4 viruses and the cross-inhibition that exists 
among them supports the findings of Warren 
and Smadel® and of Dick'^ that these viruses 
are similar in many repects and are of the 
same group. 

Seventeen other neurotropic viruses w'ere 
tested for their capacity to agglutinate charac- 
teristically erythrocytes deriving from sheep, 
man (group 0), chicken, horse, hamster, dog, 
cat and guinea pig; these tests failed. 

Another phenomenon that was observed is 
the nonspecific agglutination of dog, cat and 
guinea pig erythrocytes by normal or virus- 
infected mouse brains. With respect to ag- 
glutination of hamster cells, an inhibitor of 
agglutination is present not only in suspen- 
sions of normal mouse brain but also in normal 
serum and antiserum against the neurotropic 
viruses. 

The fact that neurotropic viruses are often 
used in the form of mouse brain suspensions 
renders it important therefore for investi- 
gators to use proper controls for the variable 
of the lest and, in addition, to identifj' posi- 
tive reactions by specific means. 

Received July 14, 1949r"pSi.M., lfl«, 71- 
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17310. Veriloid, a New Hypotensive Extract of Veratrum Viride.* 
T. W. Stutzman, George L. Maison, and G. W. KussEROW.f 


From the Department of Dharmacology, 

The promising results of Freis et in 
therapy of patients with essential hj^erten- 
sion suggested that a h 3 rpotensive extract of 
constant composition from Veratrum virtde 
would be highly useful. Accordingl}^ a series 
of fractionations was carried out.i An assa}’' 
routine based on hj'potensive properties in 
normal dogs under pentobarbital anesthesia 
was applied. Accessor^’’ screening technics in- 
cluded emetic and bradycardic potency esti- 
mations. After screening some 75 fractions, 
a high!}' potent, reproducible, stable and uni- 
form extract w'as selected for further study. 
This material has been given the proprietary 
name “Veriloid.” 

While the physical and chemical properties 
of “Veriloid" will be treated in extenso else- 
where a brief outline is presented in Table I. 
Evidence exists that “Veriloid” is a mitxure* 
and not a single alkaloid. None of the pre- 
viously described potent alkaloids of Vera- 
trum viride has been obtained bj' fractiona- 
tion of “Veriloid.” (See Krayer^ for com- 
prehensive review of literature). The rela- 
tively impotent rubijervine and isorubijervine 
have been identified as present in the mixture 
to the extent of 25%. For clinical use further 
purification at present was not warranted for 
logistic reasons. A series of 12 separate frac- 
tionations from crude root has shown in- 
appreciable variations in product bj^ both 
chemical and biological tests. 

Biological effects of “Veriloid” are outlined 

• Sunportcd in p.nrt by .1 gr.mt from t)ie Coe 
Chcmicnl Co., Los Angeles. Calif. 

t Product Development Dep.'irtment, Coe Cliera- 
ical Co. 

t Prie.s. E. D., .nnd Stanton, J. B., Am. Dcart J., 
1948, .10, 723. 

- Fries, E. D., .Stanton, .T, B., Culbertson, J. IV., 
Litter. J., Ualperin, M. II., and IVilliins, B. W., 
J. Clin, fur., 1949, 28, 353. 

; In the laboratories at Los Angele.s. 

a Kraycr, 0., and .\cIieson, G. II., Physiol. Pcv., 
1940, 20, 3S3, 


Soston Vniversity School of Medicine. 

in Table II. Full data wall be published 
sepa^atel3^■ 

The data illustrate a high therapeutic ratio 
for hypotensive action. \Vith increasing in- 
travenous dosage in normotensive animals, 
the degree of h 3 'potension increased only up 
to an average maximum fall of 40% of the 
pre-existing mean arterial pressure. As dosage 
w'as raised the duration of the reduced mean 
pressure increased. Usual duration at fully 
effective intravenous dosage was 30 to 90 
minutes. The return to previous pressure was 
gradual. Preliminar 3 ' data indicated that the 
role of the bradycardia in the h 3 'potension was 
a secondary one. Hypotension still w'as 
elicited after vagotom 3 '; brad 3 xardia ivas not. 
The hemod 3 mamic rearrangement seen during 
this h 3 'potension would best fit a hypothesis 
that “Veriloid” caused dilatation of arterioles 
in skeletal muscle, splanchnic region and skin 
accompanied b 3 ' constriction of venous vas- 
cular beds. Evidence was elicited that blood 
flow ivas not reduced with the hypotension. 
S 3 'stoiic and diastolic blood pressures were 
both decreased and nearl 3 f equally so. Anes- 
thesia did not alter the minimal h 3 'potensive 
dose. H 3 potension resulting from “Veriloid” 
W'as corrected by pressor amines such as 
epinephrine, phen 3 'lephrine and metho.xamine. 

IMinimal bradycardic action from intra- 
venous administration had a higher minimal 
effective dose, a longer latenc 3 ' and a shorter 
duration than did the hy’potensive action. 
Pentobarbital anesthesia reduced the amount 
of drug required to produce brad 3 'cardia. As 
the dose was raised degree and duration of 
bradycardia increased. Lengthening of P-R 
interval, partial heart block, and transient 
A-V nodal rhythm were seen at 20 to 50 times 
the minimal dose. As the dose was raised still 
further ventricular tach 3 -cardia, venous and 
arterial h 3 -pertension resulted. A coarse ven- 
tricular fibrillation was observed occasionallv 
at 200 to 500 times the minimal dose. Ver 3 ' 
high intravenous dosage in the unanesthetized 
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Veeiloid, Hypotensive Exteact of Veratrum 


TABLE I. 

Pliysical and Chemical Properties of “ Yeriloid.” 

Appearance : Pale j’cllow amorphous powder. ■ • 

Melting Point: Sinters at 102°-105°C. 

Melts at MS^-ISS^C. 

ono 

Optical Eotation: a in EtOH =: — 17.3°C ~ 0.5 g/100 ml. 

Ultra Violet Absorption Curve: Peak at 2500 A In E = 3.30 (at 0.00008 g/ml). 

Solubility: In water — very slightly soluble. 

In dilute acid — soluble. 

In benzene, alcohol, chloroform, propylene glycol, acetone — soluble. 

Spot test reaction with c. KgSO.! — ^Dark orange going to jeddish ornnge'to brown in 24 hours. 
Nitrogen Content — 2.9%. 


TABLE 11. 

Dosage of “Veriloid” in mg/kg Kequired to Produce Physiological Alterations in Dogs. 


Effects 


Anesthetized 
(Pentobarbital sodium) 
Intravenous 


Unanesthetized 


Intravenous 


Oral 


Hypotension (reduction 
of at least 10 mm Hg) 

ED50 0.0021 ± 0.0001* 

(200 trials) 

ED50 CO 0.002 
(2G trials) 

Irregular 

Bradycardia 

ED50 0.0021 ± 0.0003 
(75 trials) 

ED50 0.0055 ± 
0.0004 
(75 trials) 

Not obtained at 
0.05 (20 trials) 

Emesis — Pasted 

Varies with depth of 
depression. Bare 


ED50 0.013C ± 
0.0017 (50 trials) 

Not fasted 


ED50 0.0197 rt 
0.001 
(50 trials) 

ED30 ca 0.025 
(30 trials) 

Apnea 

(30 to 90 sec. duration) 

Irregular but never below 
0.02 (200 trmls) 

ED50 cn 0.1 
(15 trials) 

Never obtained 
(Tried to 5.0) 

Hyperirritability 

(15 to 20 sec. duration) 

Nci'cr obtained 

Above 0.01 
(45 trials) 

Never obtained 

Displacement of 
cardiac pacemaker 

Approximately 0.1 
(20 trials) 

Never below 
0.05. Occa- 
sionally at 

0.1. Common 
at 0.2 to 0.5 

Seen at 1.0 

Hypertension 

Lethal 

ED50 ca 0.05 (30 trials) 

Varies 0.05 to 0.4 
(30 trials) 

LD50 ra 0.5 
(0 trials) 

Never obtained 

5.0 tolerated 
(5 trials) 

» Standard error (Sec Miller and Tamter. Pkoo, Soc. 

E.VP. Biot,. AXD 

Med., 1944, •>», -oil- 


animal produced similar effects except that 

fibrillation has never been observed. Transient develop in 2 

A-V nodal rhythm has also been obtained arly, .‘f administration of 

after oral administration of 1 mg/kg m the effective dose twice a day 

dog. 
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for 5 weeks. 

Like other Veratrum derivatives “Veriloid” 
is a- potent emetic any route. Oral dosage 
required to produce vomiting was at least 
doubled by the presence of food in the 
stomach. Thus reduction of clinical side 
effects would be expected to result from ad- 
ministration during meals. 

Oral administration in dosage up to 0.075 
mgAg to the unanesthetized dog has only 
irregularl}^ resulted in hj^iotension. The same 
dose did cause a fall of mean arterial blood 
pressure when placed in the upper jejunum 
of animals anesthetized with pentobarbital. 
Clinically, the effective single oral dose has 
been found to vary from 0.03 to 0.08 mgAg 
in hjqiertensive patients.'* 

Comparison of the effects of intravenous 
and intestinal administration in the anes- 
thetized dog showed that the drug was more 
effective in producing fall of blood pressure 
by the intravenous route. In order to de- 
lineate the effect of slow absorption prolonged 
infusions were made. Slow intravenous ad- 

"Wilkins, R. W., and Freis, E. D., personal com- 
munication. 


ministration became ineffective in the anes- 
thetized dog below y/kg/min. Effective 
doses by this method produced graded main- 
tained hypotension. Comparison of the ef- 
fects after splenic and femoral intravenous 
administration has not demonstrated inac- 
tivation of “Veriloid” b}" the liver. 

Limited clinical trial of “Veriloid” has 
been accomplished b}' Freis and Wilkins. 
This -^vill be reported separately. Certain in- 
dividuals required as little as 2 mg or as 
much as 6 mg for single oral dose to produce 
blood pressure fall. Latencj’- for full h 3 'po- 
tension to be established was 2 hours. 

Summary. .4 stable, reproducible and 
highlj' potent extract of Veratrum viridc has 
been described. The name “Veriloid” has 
been given to this preparation. Methods for 
biological control of potencj' have been de- 
veloped. In normal dogs the extract was 
hjqiotensive, bradj'cardic and emetic. Phar- 
macologic results suggest that the hipotensive 
action of the extract deseri'es trial in the 
treatment of human h 3 q)ertension. 

Received June 21, 1D40. P.S.E.B.M., 1D49, 71. 


173II, A Comparison of Desoxyribonucleic Acid Content in Certain 
Nuclei of Normal Liver and Liver Tumors. 


Donald D. Mark* and Hans Ris. (Introduced by W. H. IMcShan.) 

Front ihe Laboratories of the Jtocl-cfcllcr Institute for Medical Lescarch, Xew Tori: Citii. 


Direct chemical anah'ses of activel 3 ' grow- 
ing tissues, particular^ tumors, for deso.x 3 -- 
riboniicleic acid have been reported b 3 " sev- 
eral investigators with, however, scant agree- 
ment. The percentage of desox 3 'ribonucleic 
acid in nuclear material was found b 3 ' 
Dounce' to be the same for Walker carcino- 
sarcoma 256 and normal liver; in hepatoma 
31 the percentage of desoxyribonucleic acid 
was lower than the normal. Brues, Trac 3 ' and 

* Fellotv of the J.me Coflin Cliilds Jtcraorial 
Fund for Mcdic.il Rosc.ircli. This invcstig.ntioii 
nns .lidod l>v gr.ints from tlie .Line Coffin Cliilds 
Meniori.ll Fund for 31odicril Rosenrcli. 

1 Dounce, Ij., J. Ilinl. Chem., 1943, 151, 23o. 


Cohn- observed that the phosphorus and 
nitrogen content of hepatoma 31 and normal 
liver was the same per unit weight. On a 
similar basis, Davidson and Wa 3 'mouth^ and 
Schneider* recorded values for deso.x 3 -ribonu- 
cleic acid that were higher in hepatomas than 
in normal liver. 

Using the light absorption of fields of 
Fculgen stained nuclei, StowelF' also found 

2 Brncs, A. M.. Tr.ic.v. Jt. Jt., .md Colm, 3Y. E., 
J. Itinl. Chen:., 1944, 15.5. CIO. 

f- Davidson, .T. N,, .md W.iymoutli. C.. Biorhem. 
.T; 1944. 38, 370. 

■I .®clincider. W.. Cancer l;rs.. 104.1. .5. 717 . 

r-Slowcll, R. E,, Cancer Br.s.. 104C. (i. 42C. 



728 


Desoxyribonuci-eic Acid in Tumor Nuclei 


TABLE I. 


Solative Amount of Desoxyribonucleic Acid in the Nuclei of Normal Liv 

■er and of Liver Tumors. 

Cell type 

No. nuclei 

■ (E) 

extinction coefficient 

(A) 

nuclear area 

(E) X (A) 

relative amount of DN.\ 

Normal hepatic 

10 

Slide 1 
.161~.1ST (.177) 

23 

4.09 -4- .14 

Hepatoma 

10 

.237--.260 (.247) 

16.0 

4.09 ± .12 

Normal hep.atic 

D 

Slide 2 
.20S-.244 (.227) 

23 

5.22 •+■ .20 

Cholangioma 

10 

.222-.2G5 (.225) 

23 

0.19 ± ,23 


higher I'aiues for the desoxyribonudeic acid 
in various tumors; here the results repre- 
sented the average amount of desoxyribonu- 
cleic acid in man}'- nuclei. The actual amount 
of desoxyribonucleic acid per single nucleus 
was not determined, nor was there any assay 
of the partition of the desoxyribonucleic acid 
into nuclear classes bearing different numbers 
of chromosomes. 

Recent chemical determinations of the des- 
oxyribonucleic acid in isolated nuclei by 
Boivin et al.,° Vendrely and Vendrely,’' and 
hlirsky and Ris,® have demonstrated a re- 
markable species constancy in the desoxj'-- 
rifaonucleic acid content of nuclei with the 
same number of chromosomes. In view of these 
findings, an attempt was made to establish 
the validity of this relationship for the pre- 
sumablj" abnormal nuclei of tumors. 

In the present study the amount of desoxy- 
ribonucleic acid in single nuclei of the same 
size has been compared in normal and tumor 
tissue utilizing the intensity of the Feulgen 
reaction. Precise data on the desoxyribonu- 
cleic acid content of single nuclei obtained 
by Mirsky and Ris® made it possible to use 
the Feulgen reaction as a measure of the 
relative amount of desoxyribonucleic acid 
per nucleus (Ris and Mirsky®). 

The normal and tumor tissues studied were 
taken from the white rat. Liver tumors, 
hepatomas and cholangiomas, were induced 
by a diet of brown rice and carrot containing 

e Boivin, A., Vendrely, E., and Vendrelv, C., 
Coinpt. Bend. Acad. Sci.^ 226, lOGl. 

7 Vendrely, E., .and Vendrely, C., Bxperienlia, 
1948, 4, 434. 

8 Jfirsky, A. E., and Eis, H., Kainre, 1949, lOS, 
G60. 

9 Eis, H., and Mirsky, A. E., unpublished data. 


0.06% p-dimethylaminoazobenzene as orig- 
inally reported by Kinosita,^® and ivere his- 
tologically identified according to the criteria 
described by Opie.^^ Tissue blocks were fi.xed 
in 10% formalin and cut at 10 /t thickness. 

As elaborated elsewhere (Pollister and 
Ris;i® Ris and Mirsky,®) the apparatus used 
in the measurements consisted of a Spencer 
monocular microscope with a mercury vapor 
arc as light source and a phototube and gal- 
vanometer stationed above a variable dia- 
phragm in the image plane. The light ab- 
sorption of individual nuclei stained by the 
Feulgen reaction was measured at a wave 
length of 546 m/i. 

In Table I comparative measurements are 
shown of the smallest spherical nuclei in 
Feulgen stained paraffin sections of normal 
and tumor tissue mounted together on the 
same slide. The relative value for desoxy- 
ribonucleic acid per nucleus in the normal 
cell and in the hepatoma cell appears the 
same, as in slide 1. Similarly, slide 2 indicates 
the same desoxyribonucleic acid content per 
nucleus for the normal hepatic cell and the 
cholangioma cell. 

Since the method is limited to the measure- 
ment of spherical nuclei, it was not possible 
to compare irregular bile duct nuclei with 
cholangioma nuclei directly, or to measure 
large nuclei of bizarre shape. Certain varia- 
tions may be found in the values if the Feul- 
gen technic varies slightly, as in Table I. 
Only sections on the same slide, thereiore, 
are comparable. 


E. L., /. Exp. Med., 1944, SO, 231. 

I tv., Eis, n.. CoUl spnnp 
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The results indicate that in the smallest 
spherical nuclei of liver tumors the amount 
of desoxyribonucleic acid is the same as in 
normal hepatic nuclei of similar size. Com- 
parable results were independently obtained 
by Leuchtenberger,^^ who measured nuclei in 
transplanted mouse sarcoma. Considering the 
abnormal chromosome arrangements which 
are known to exdst in neoplasms, (Boveri^'*) 
the presence in these tumors of nuclei with 
more or less nucleic acid cannot be e.xcluded. 

1- Leuolitenberger, C., personal coniinunication. 
ir Bovcri, T., The Origin of llalignant Tumors, 
tVillianis and tVilkius. Baltimore. I!t2n. 


The conflicting results of previous investiga- 
tions may be attributed in part to the analyses 
of tissue samples containing different numbers 
and different sizes of nuclei. 

Summary. The amount of deso-xyribonu- 
cleic acid in single spherical nuclei of normal 
rat liver was compared with that of similar 
nuclei in tumor tissue by microphotometric 
determination of the intensit}' of the Feulgen 
reaction. It was found that the amount of 
deso.xx’ribonucleic acid contained in nuclei of 
similar size is the same in hepatoma and 
cholangioma as in the normal liver. 

Received July 12. 194P. P.S.E.B.M.. 1949, 71. 


17312. Excretion of Radiocalcium by Normal Rats.** 

M.atoice V. L'Heureux, Wilbur R. Tweedy,* and Elinor M. Zorn.* 

From the Department of Biotopieal Chemistry, Loyola University Stritch Sehoul of Jfcdiciiic, 

Chicago. III. 


The objectives of the present experiments 
were to determine the effect of various amounts 
of labeled calcium on the relative amounts of 
radiocalciumi excreted in the urine and feces, 
and to determine the distribution or radio- 
calcium in the tissues and contents of the 
gastrointestinal tract during the first few hours 
after the administration of a dose of labeled 
calcium. 

Materials and methods. Young adult 
rats of the Sprague-Dawley strain were used. 
Immediately after the subcutaneous injection 
of a dose of labeled? calcium each animal was 
placed in a separate wire metabolism cage 
over a urine-feces separator.' The animals 

* This inve-stigation was greatly aided by a 
grant from the Kndoerim* Committee of the X:i- 
tional Itesoareh Couiudl. A part of the equipment 
u«ed in this work was purehased with funds sujv 
plied by the Klhi Saehs Plotz Foundation. 

i Present addri'ss: Pndioi«otoj>e Vnit, Veterans 
A<lininistration Hospital. Hines, III. 

t The radiooaleiinn (Ca-**’) u.sod in these experi- 
nient-^ was allotted by the United .States Atomic 
Knergy Commission, ami supplitnl by the Mon- 
santo (.Miemie.al C-mnpany. 
to 10 mioroouries of 


shown in Table II were supplied with water 
onl\% but each of the other animals had ac- 
cess to both water and the stock diet, Purina 
Laboratory Chow, during the experimental 
period. 

.At the end of the ex-perimental period the 
animals were dispatched by a blow on the 
head. In those instances in which the seg- 
ments of the gastrointestinal tract and their 
contents were to be separateh’ assayed for 
radioactivity', especial care was taken to re- 
move the entire contents. The collected urine 
and cage washings, the feces, and the other 
samples were dried, and then dry ashed in an 
electric muffle at 550°C. In each instance the 
ash was dissolved in dilute hydrochloric acid 
and suitable aliquots transferred to small 
aluminum pans and dried under an infra red 
lamp. Dry sample weights were kept small 
(0.5 to 1.5 mg/cm- on sample pan surface) 
and comparable to the standards in order to 
minimize the error due to self-absorption of 
radioactivity. Suitably prepared standards 
and the samples were then assayed for radio- 

1 Gros^!, r., .111(1 Comn-ll, .S. V. B., .T. Physiol., 
1923, o7. lx. 
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Excretion of Radiocalcium 


_ . , . TABLE I. 

Eseretion of Badiocaleiui^fter Injection of Various Amounts of Labeled CnlciuBi. 


Ro. of Body wt., 

rats g 


Dose of labeled 
Ga,mg 


% of dose excreted 
Urine Feces 


208 ± 12* 

0.07 

0.59 -t- 0.25 

293 ±30 

0.21 

0.61 ± 0.42 

224 -1- 40 

0.41 

0.93 ± 0.65 

213 ± 12 

2.50 

5.90 ± 1,75 

190 ± 8 

4.90 

2.95 ± 0.94 

211 -t- 30 

7.00 

2.49 ± 1.55 

233 -+- 35 

14.00 

6.05 -h 2.15 


* Standard deviation of the mean. 


12.60 i: 5.75 
9.56 ± 1.13 
11.36 ± 1.25 
15.17 ±1.14 
12.46 ± 1.10 
9.41 ± 5.40 
7.74 ± 4.50 


activity by using a scale-of-sixteen Geiger- 
Muller counter, equipped with a thin mica 
window (1.8 mg/cm-) tube. 

Results and comments. The data sum- 
marized in Table I show that under the con- 
ditions of our experiments subcutaneously 
administered radiocalcium was excreted main- 
ly in the feces. Variations in the relative 
amounts of radiocalcium excreted in the urine 
and feces were large for each dose of labeled 
calcium injected, but the results indicate 
clearly that the amount of calcium in the dose 
was an important factor in determining the 
relative amounts of radiocalcium excreted in 
the urine and feces. As would be e.xpected, 
retention of the radiocalcium varied widely 
and probably reflects differences in the rate of 
absoiption of the labeled calcium, or differ- 
ences in the calcium requirement of the 
animals. 



Group 1 consisted of 4 rats (avg wt. 265 g), 
e.afh of -which received two subcutoneous doses of 
7 mg of labeled calcium within the first hour of 
the experimental period. Group 2 consisted of 4 
Mts (avg -svt. 220 g), each of -n-hich received a 
single subcutaneous dose of 0.07 mg of ^labeled 
calcium at tlie beginning of the experimental 
period. 


Fig. 1 shows graphically the excretion of 
radiocalcium by 2 groups of rats during the 
9 da 5 's following administration. The animals 
of Group 1, each of which received an injec- 
tion of 7 mg of labeled calcium at the be- 
ginning of the experimental period and a 
second injection of 7 mg at the end of the 
first hour, excreted 5.2% of the administered 
radiocalcium in the urine and 4% in the feces 
during the first 24 hours. Thereafter the 
amounts of the radiocalcium which appeared 
daily in the feces exceeded the amounts ex- 
creted in the urine. Summation of the frac- 
tions of the administered radiocalcium found 
in the urine and feces during the 9-day e.x- 
perimental period reveals that approximately 
7.27% of the dose was excreted in the urine 
and 15.9% in the feces. 

The results obtained for the animals of 
Group 2, Fig. 1, show that when the quantitr'^ 
of labeled calcium injected was oniy 0.07 mg 


he average amount of the administered radio- 
aldum excreted in the urine during the first 
'A hours was only 0.66%, while the average 
mount excreted in the feces was S.49%. 
n the case of this group of animals approxi- 
mately 2.10% of the dose of labeled calcium 
i'as excreted in the urine and 22.75% in the 
eces during the 9-day e.xperimenfal period, 
'rom these experiments (Fig. 1) it is apparent 
hat the gastrointestinal tract was the princi- 
al route by which the labeled calcium was 
xcreted. Furthermore, it appears that only 
'hen a plethora of the labeled calcium was. 
eing eliminated during the first 24 hours did 
le kidneys respond by excreting a Ofg 
-action of the administered 
It is generally agreed that a considerable 
mount of e-x-creted calcium enters the himen 
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TABLE n. 

Distribution of Eadiocalcium in Tissues and Contents of Gastrointestinal Tract. 


Kat 

Xc. 

Bodv ivt., 

k 

Hr after 
dose of 

7 mg 

labeled Ca 

% of dose recovered from tissues 

% of dose recovered from contents 

r 

Stomach 

Small 

intestine 

Cecum 

Colon 

t 

Stomach 

Small 

intestine 

Cecum 

Colon 

1 

•205 

1 

0.14 

0.40 

0.01 

0.08 

0.23 

1.79 

0.29 

0.12 

.■> 

190 

1 

0.11 

0.60 

0.02 

0.11 

0.12 

0.91 

0.10 

0.06 

3 

204 

1 

0.10 

0.69 

0.03 

O.07 

0.15 

0.92 

0.14 

0.16 

4 

1S3 

1 

0.20 

0.40 

0.02 

0.07 

0.11 

1.10 

0.12 

■ 0.07 

Avg 

190 


0.14 

0.52 

0.02 

0.08 

0.15 

l.is 

0.16 

0.10 

0 

178 

3 

0.17 

0.49 

0.03 

0.14 

0.09 

1.24 

0.57 

0.35 

c 

190 

3 

0.12 

0.63 

0.04 

0.12 

0.05 

1.23 

0.17 

0.13 

Avg 

187 


0.14 

0.55 

0.03 

0.13 

0.07 

1.23 

0.37 

0.24 

7 

190 

0 

0.11 

0.44 

0.03 

0.13 

0.05 

0.41 

1.71 

0.17 

s 

1S7 

0 

0.12 

0.57 

0.01 

0.10 

0.08 

0.48 

1.17 

1.57 

9 • 

180 

0 

0.14 

0.71 

0.04 

0.2S 

0.03 

0.41 

1.41 

0.14 


ISS 


0.12 

0.57 

0.03 

0.17 

0.05 

0.43 

1.43 

0.03 


of the intestine as a constituent of the intestin- 
al secretions- and the bile,® and that this cal- 
cium, supplemented by a fraction of the diet- 
arj- calcium is reabsorbed. Evidence of an ac- 
tive excretion of calcium through the wall of 
the small intestine.'* or the colon,®"' however, 
has not been equally acceptable. 

In our experiments (Table II) the employ- 
ment of radiocalcium has made possible the 
orientation of various portions of the gastro- 
intestinal tract witli respect to the excretion 
of calcium. The distribution patterns of 
radiocalcium in the tissues and contents of the 
gastrointestinal tracts of animals, which ivere 
sacrificed at 1. 3, and 6-hour inten-als after 
the subcutaneous injection of 7 mg of labeled 
calcium, are shown in Table II. Of particular 
interest was the relatively large fraction of 
the e.xcreted radiocalcium found in the con- 
tents of the small intestine and the smaller 
fractions recovered from the contents of the 
cecum and colon at the 1-hour interx-al. In 
Rats 1 and 2 the small intestine was severed at 

eLiipaii, M. A., P/n/sio/. Per., 1940, 20, 022. 

3 Greenberg. D. M., and Troeseber, F. M., Pp.oc. 
Soc. Exr. Biol, .vxd Med., 1942, 49, 4SS. 

•i IValsIi. E. L., and I\w, A. C., Pi:oc. Sor. Exr. 
Biol. .\_sd Med.. 192S, 25, S39. 

•• Bergeim, O.. J. liiol. Chrm., 1920, 70, 01. 

c Cowell. S. .1.. Hinclicm. , 1 ., 1P37, ai. S4S. 

T Ko?in:in. A. J., and Freeman, S.. Fed, Proc., 
1943, 2. 10. 


the midpoint and the tissues and contents of 
the two halves separately assayed for radio- 
activity. The tissues of the upper and the 
lower half of the small intestine of Rat 1 
contained 0.24 and 0.16% of the administered 
radiocalcium, respectively, whereas the con- 
tents of the upper and lower half contained 
0.43 and 1.36%, respectiveh'. In the case 
of Rat 2 the tissues of upper and lower half 
of the small intestine contained 0.28 and 
0.32% of the administered radiocalcium, re- 
spectively, and the contents 0.13 and 0.78% 
respectively. 

Unfortunately separate assay's were not 
made on the tissues and contents of equal parts 
of the small intestine of Rat 5 or 6. However, 
such assaj's -were made on Rats 7, 8, and 9. 
In these animals approximately the same 
amounts of radio-activity were found in the 
tissues of the upper and lower half of the small 
intestine, but in 2 instances the amounts of 
radiocalcium in the contents of the 2 seg- 
ments differed appreciably. In Rat 7 the 
contents of the upper and lower half of the 
small intestine contained 0.12 and 0.29% 
of the injected radiocalcium, respectiveh', and 
in the case of Rat 9 the fractions of the ad- 
ministered radiocalcium recovered in the 2 
segments were 0.09 and 0.32%, respectively. 
The contents of the upper and lower half of 
the small intestine of Rat S contained 0.20 
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TABLE I. 


Eseretion. of Badiocnlcuim after Injection of Various Amounts of Labeled Calcium. 


No. of 
rats 

Body wt., 
g 

Dose of labeled 

Ca, mg 

% of dose excreted 

Urine 

Feces 

8 

208 ± 12* 

0.07 

0.59 -+■ 0.25 

12.G0 ± 5.75 

4 

293 ± 30 

0.21 

O.Cl ± 0.42 

9.50 ± 1.13 

3 

224 -t- 40 

0.41 

0.93 ± 0.65 

11.30 ± 1.25 

3 

213 ± 12 

2.50 

5.90 ± 1.75 

15.17 -4- 1.14 

3 

190 it 8 

4.90 

2.95 ± 0.94 

12.40 ± 1.10 

0 

211 -t- 30 

7.00 

2.49 ± 1.55 

9.41 ± 5.40 

10 

233 -+■ 35 

14.00 

G.05 t±; 2.15 

7.74 dt 4.50 


* Standard deviation of the mean. 


activity by using a scale-of-sixteen Geiger- 
Muller counter, equipped with a thin mica 
window (1.8 mg/cm-) tube. 

Results and comments. The data sum- 
marized in Table I show that under the con- 
ditions of our experiments subcutaneously 
administered radiocalcium was excreted main- 
ly in the feces. Variations in the relative 
amounts of radiocalcium excreted in the urine 
and feces were large for each dose of labeled 
calcium injected, but the results indicate 
clearly that the amount of calcium in the dose 
was an important factor in determining the 
relative amounts of radiocalcium excreted in 
the urine and feces. As would be exjiected, 
retention of the radiocalcium varied widely 
and probably reflects differences in the rate of 
absorption of the labeled calcium, or differ- 
ences in the calcium requirement of the 
animals. 


GROUP 1 GROUP 2 



Group 1 consisted of 4 rats (avg rrt. 265 g). 
.aeli of which received two subcutaneous doses of 
mg of labeled calcium withm the first hour of 
ho experimental period. Group - consisted of 
ats (avg wt. 220 g), e.ach of whndi receded a 
inule subcutaneous dose of 0.07 mg ot 
.akium at the beginning of the e.xpenmcntal 

leriod. 


Fig. 1 shows graphically the- excretion of 
radiocalcium by 2 groups of rats during the 
9 days following administration. The animals 
of Group 1, each of which received an injec- 
tion of 7 mg of labeled calcium at the be- 
ginning of the experimental period and a 
second injection of 7 mg at the end of the 
first hour, excreted 5.2% of the administered 
radiocalcium in the urine and 4% in the feces 
during the first 24 hours. Thereafter the 
amounts of the radiocalcium which appeared 


daily in the feces e.xceeded the amounts e.x- 
creted in the urine. Summation of the frac- 
tions of the administered radiocalcium found 
in the urine and feces during the 9-day ex- 
perimental period reveals that appro.vimately 
7.27% of the dose ivas excreted in the urine 


1 15.9% in the feces. 

The results obtained for the animals of 
oup 2, Fig. 1, show that when the quantity 
labeled calcium injected was only 0.07 mg 
; average amount of the administered radio- 
cium excreted in the urine during the first 
hours was only 0.66%, while the 
lount excreted in the feces was 8. %. 
the case of this group of animals approxi- 
itely 2.10% of the dose of labeled calcium 
s excreted in the urine and 22.75% m the 
es during the 9-day experimaUa! period 
jm these experiments (Fig. 1) it 
it the gastrointestinal tract was t e p 
; which Ihe Ihbalrf w» 

•reted Furthermore, it appears that onij 

ction of the administere ^ 

[t is generally agreed 

ount of e.xcreted calcium enter. 
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and 0.28% of the injected radiocalcium, re- 
spectively. 

It is very doubtful that the major portion 
of the excreted radiocalcium found in the low- 
er half of the small intestine could have re- 
sulted from the .failure of the upper half to re- 
absorb secreted calcium. Duckworth and 
Godden® have observed in the rat that the 
net absorption of ingested calcium is not af- 
fected by a diet containing 30% of fiber. Since 
such a diet should cause a great increase in the 
intestinal secretions, it would appear that the 
efficiency of reabsorption of secreted calcium 
is very high in the rat. Therefore, we are 
inclined to regard that fraction of the ex- 
creted radiocalcium found in the lower half 
of the small intestine as indicative of an active 
e.xcretion of calcium through the wall of the 
intestine. In this connection, the extreme 
rapidity with which the fecal excretion of 
calcium has been shown to occur is of great 
interest. Norris and Kisieleski® recovered 5 to 
8% of a dose of labeled calcium from the 
contents of the intestines of rats one minute 
after intravenous administration. 

The presence of relatively small fractions 
of e.xcreted radiocalcium in the contents of 
the cecum and colon at the 1 hour interval 
(Table II), and the larger amounts in the 
contents of these segments at later intervals, 
suggest that the bulk of the excreted radio- 

8 Bucliwortii, J., and Godden, W. J., Siochem. 
J., 1941, So, 16. 

9 Norris, W. P., and Kisicleski, W., Cold Spring 
Harbor Symposia on Quantitative Biology, 194S, 
18, 1G4. 


calcium entered the small intestine at points 
above the ileocecal valve. This obser%'ation 
is in accord with evidence that has been ad- 
vanced*® that there is little or no active e.xcre- 
tion of calcium into the large intestine. 

Simifiiary. 1. The excretion of subcutaneous- 
ly administered radiocalcium has been stud- 
ied in normal rats. 

2. The amount of labeled calcium injected 
appeared to be an important factor in deter- 
mining the relative amounts of radiocalcium 
excreted in the urine and feces. When the 
quantity of labeled calcium injected was in- 
creased from 0.07 mg to 14 mg the fraction of 
the excreted radiocalcium which appeared in 
the urine in the first 24 hours increased from a 
relatively small value to a value approaching 
or slightly exceeding the amount of radio- 
calcium e.xcreted in the feces. During a 9- 
da}' experimental period the amount of radio- 
calcium excreted in the feces, when either 

0. 07 or 0.14 mg of labeled calcium was ad- 
ministered, greatly exceeded the amount e.x- 
creted in the urine. 

3. The distribution of radiocalcium in the 
tissues and contents of the stomach, small in- 
testine, cecum, and colon was determined at 

1, 3, and 6-hour intervals after the adminis- 
tration of a dose of labeled calcium. The re- 
sults of these experiments indicate that there is 
little or no active excretion of calcium through 
the wall of the large intestine. 

Kon, s! K.. Siocltcm. J.. 

1939. 33, 173. 

Kcceivcd June 29, 1949. P.S.E.B.lt., 1949, /I. 
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Cecitis, ulcerative. 457. 

Cell cultures, calcification. 328. 
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Cholinesterases. 526. 
hyperthyroidism. 179. 
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Cockroach, azo dyes. 365. 

Connective tissue fibers. 513. 

Convulsant, anti-, action, propanediols. 270. 

Cortical extract. Trichina spiralis. 225. 
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Heart, by-passing right ventricle. 69. 
dibenamine. 106. 
diliydroergocornine. 420. 
intraventricular pressure curves. 673. 
rate. k-Y fistula. 60. 

Hemagglutination, influenza virus. 160. 
poliomyelitis. 206 

Hemoglobin, albumin. 43. 
folic acid, liver, vitamin Bie. 34. 

Hemolysin, Newcastle Disease virus. 63. 

Heparin, artificial activation, 14. 
choline. 429. 

Herpes zoster, spinal fluid. 283. 

Hexachlorocyclohexane. 490. 

Hormone, adrenal corte.x, hypertension. 443. 
adrenocorticotrophic, mj-asthenia gravis. 432. 
desoxycorticosterone. carbohydrate utiliza- 
tion. 445. 
estrogenic. 552. 
gonadotrophic. 407. 

Hyaluronidase inhibitor. 412, 
rutin 15. 
testicular. 295. 

Hyperplasia, pancreatic islet, carbohy’drate. 
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Hypersensitivity, tuberculin. 516. 

Hypertension. 690. 

adrenal cortex, desoxycorticosterone 443. 
nephrectomy. 394. 
stenosis. 174. 

Hyperthyroidism, cholinesterase. 1/9. 

Hypoglycemia, nicotinamide acid. 609 

Hypothalamus, thermoregulation 126. 

It3i, adrenal, thyroid. 117. 

Imidazoline derivative. 70. ^ 

Influenza virus. 116. 216, 317. 


Lafhyrism. 440. 

Legume seeds, amino acids. 398. 
1-epinephrine, edema. 86. 

Lesions, gastric, tagathen. 163. 

Leuconostoc citrovorum, growth. 549. 
Leukemia, erythrocytes, folic acid. 11. 
folic acid derivatives. 381. 
pteroylglutamic acid. 107, 559. 

Liver, desoxyribonucleic acid. 727. 
folic acid, vitamin Bjo, hemoglobin. 34. 
tumor, vitamin Be. 575. 
vitamin Bie. 688, 

Lymphopenia, adrenalin. 112, 

Magnesium, nutrition, 90. 

Malaria, anti-, pteroylglutamic acid. 306. 
Manganese, thyroid. 188. 

Megaloblastosis, folic acid. 484. 

Meningitis, virus. 344. 

Methionine, N balance. 612, 

Microphonic, aural. 158. 

Morphine, growth. 38. 

Myasthenia gravis, adrenocorticotrophic hor- 
mone. 432. 

N balance, methionine, tliiouracil. 612. 

Nerve fibers, mammalian ventral roots. 256. 
NU 445, urinary’ infection, gram negative ba- 
cilli 20. 

Nucleic acid, cancer tissue, radio phosphorus. 
658. 

yeast, body temperature. 9. 

Nucleoproteins. 537. 

Nutrition, potassium, magnesium. 90. 

Osmotic pressure, blood plasma 184. 

Ovary, transplant, pregnancy'. 67. 

Oxidase activity, xanthine. ISI. 

Oxygen, blood, coarctation. 165, 
fat. 102. 

temperature. 196. 

Oxygenator. 204. 


increas, insulin. 315. 

increatic islet hyperplasia, carboliydrates. 

308. „ ,,, 

intothenic acid, white blood ccK. aOtf. 
Lsteurella pestis, catalase. 99. 

B. P. diagnostic test. 3S7. 
nicillin G. 639. IJfi 

ritoneum, bacteria, chemical irntation. 146. 
energan, Arthus, reaction. 4 . 

.osphatase activity, retina. 4,5a. 
lyanide. 572. 
estosterone propionate. 
osphate, urinap- 

ytin content, Indian 555. 

uitary adrenocorticotropic horinone. 

libenamine. 670. 




